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SOME DISPUTED POINTS RAILWAY BRIDGE 
DESIGNING. 


WITH DISCUSSION. 


The object this paper induce those members the American 
Society Civil Engineers who have made special study bridge 
superstructure enter into exhaustive discussion number im- 
portant points bridge designing whereon authorities differ. The end 
attained such discussion the reconciliation conflicting 
opinions, the simplification bridge specifications and the consequent 
improvement designs. Such object cannot, course, attained 

That there decided difference opinion among experts what 
constitutes good structure, and how bridge should pro- 
portioned, one who has had much with bridge work will 
disposed deny. Some years ago there was hardly any uniformity 
whatsoever either the detailing, the types and general out- 
lines bridges. To-day, however, process elimination based 
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upon the principle the survival the fittest, certain types bridges 
for the different governing conditions have almost become standard, 
and the details construction are gradually being reduced 
system. 

For instance, railroad bridges, which structures, the way, this 
paper will treat exclusively, experience has shown that plate girder spans 
should used limit 100 feet, and that single intersection 
trusses with vertical intermediate and inclined end posts are preferable 
other types trusses. Nevertheless, certain well known engineers 
are still employing the Whipple truss with its double system can- 
cellation; and pony-truss pin-connected bridges are still being built for 
short spans. Again, respect detailing, certain antiquated and very 
objectionable practices, such the use suspended floor-beams with 
adjustable hangers, are, certain extent, still vogue. 

All this sufficient reason for the opening extended discussion 
which every one will given opportunity put himself record: 
either defense peculiar personal practice objection the 
practice others; and the earnest wish the writer that every 
prominent bridge specialist will take advantage the opportunity 
offered, and thus his share towards the attainment more satis- 
factory state affairs the specialty bridge superstructure, and 
towards the placing said specialty upon still higher plane than 
that which occupies to-day the United States. 

order systematize the contents this paper will 
group follows the disputed points, and treat each group- 
separately 

Live Loads. 

Wind Pressure. 

Styles and Proportions Bridges. 

Intensities Working Stresses. 

Combined Stresses. 

Plate Girder Proportioning. 

General Details Construction. 

group will considered: 

First.—The subject Uniform Loads vs. Engine Concentrations, 
and second, The proper Live Loads for Modern Bridge Specifications. 

Several years ago two three American engineers evolved independ- 


ently the theory engine concentrations for the finding stresses 
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bridge members. doubt these gentlemen that time considered, 
and perhaps even yet think, that they were conferring great boon upon 
the engineering profession; but instead this they were really hamper- 
ing with burden grievous borne. That the case every 
professional bridge computer, whose business day after day, month 
after month, and year after year, calculate the stresses bridge 
trusses, will readily and sadly acknowledge. The plea that this method 
more accurate than the old one involving uniform loads either with 
without engine excesses panel points, and that the calculations 
stresses made thereby are just simple and easy, fallacy. 
course for any particular engine and train, the former method will give 
slightly more accurate results than will the latter. But there are never 
two trains alike respect amount and distribution load, for the 
engines any railroad vary weight and wheel distribution; 
and the weights the cars are extremely irregular. must 
acknowledged, therefore, that all loads for computing stresses 
bridges are merely typical; consequently when assuming typical 
load, would not well adopt one that will reduce the labor the 
computer minimum, provided, course, that will give just 
correct results would one consisting followed 
uniform car load 

That such practicable the writer will show presently. 

Now simplicity and ease calculation: Even the most favor- 
able case, viz., that where the chords are parallel, the panels equal 
length, the structure square, and the span comparatively short, will 
take fully twice much time compute the stresses concentrations 
will find them the old method. But when the span long, 
the top chord broken, the panel lengths unequal the structure 
skew, the amount labor involved the concentration method simply 
discouraging. How many engineers are there who make have made 
practice computing the exact stresses Whipple trusses engine 
concentrations 


Not content with burdening computers the extent least doub- 


ling their labor enforced calculations involving engine concentrations, 
certain writers bridge specifications have ‘‘added insult injury 
specifying that each structure must designed throughout for two 
and even three fundamentally different live loads, each involving 
peculiar type engine. 
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Let for instant consider the designing competition either 
draw-span bridge according one these modern 
specifications and see what work there involved. begin with, 
there will be, say, six competing bridge companies, each employing 
for this work, average, two computers. Now, although these 
gentlemen may firmly convinced that the requirements the 
specifications respect live load are mere humbug and nonsense, 
and that they could obtain practically correct results with one-tenth 
the amount figuring assuming equivalent uniformly distributed 
loads, still they dare not shorten their work this way for fear that 
some captious critic checking their papers might find variation 
the stresses per cent. consequently all twelve them set 
with more less ill grace, calculate the exact maximum and some- 
times also the exact minimum stress for each member the bridge. 
Now, was discovered not long ago, that when the top chord inclined 
the horizontal, the maximum stresses not occur with the same 
position wheel loads they would were the top chord horizontal. 
Hence was sometimes necessary make for each truss member three 
four trials, each involving considerable figuring, before ascertaining 
the exact position wheel load that would give absolutely the greatest 
stress. 

Since then, however, the true theory maximum stresses for engine 
concentrations cases top chords has been worked 
one our clever mathematicians, consequently will longer 
necessary use the method; but merely employ the 
following simple little equation: 


after having found, trial, which wheel load should over the panel 


point under consideration, means another pretty little equation, 
viz. 


must borne mind, too, that dhas either calculated 
scaled for each panel point, and that will have computed 
every time used, unless—which highly improbable—a wheel 
load will come directly over the end the span. 

After having worked out all the maximum stresses this method, 
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our twelve computers have accomplished only one-third their task; 
for they must twice more attack the same problem but with different 
wheel concentrations. 

After finding all the live load stresses the manner called 
for the specifications, the remainder the computations for 
the six designs will comparatively simple character; let 
suppose that all the papers the six competing companies 
have been handed in. One company only can secure the contract; con- 
sequently the work least ten men has been entirely wasted; and 
fact there often strong probability the work all twelve being 
useless least unrewarded; for some bridge company may have 
inside and build the bridge upon the set papers which 
appears most satisfactory the parties purchasing; said parties 
may conclude that the proposed bridge too expensive, and that they 
will build either combination wooden structure. How much 
better off all six companies would have been, had the calculations been 
made for equivalent uniformly distributed live load, either with 
without engine excesses, the quick and elegant graphic method 

one considers that the proper intensities working stresses are 
great extent matter opinion, and that engineers often differ thereon 
much per cent., ought very quickly convinced that 
endeavor obtain stresses with extreme accuracy nothing more nor 
less than hair splitting. But the best possible argument that any one 
can advance against the use engine diagrams computing bridge 
stresses reference Professor Eddy’s elaborate paper entitled 
New Graphical Solution the Problem: What Position Train 
Concentrated Loads must have order cause the Greatest Stresses 
any given part Bridge Truss publishedin the Transactions 
the American Society Civil Engineers for May, 1890. gods! 
what mass complicated mathematical formulas that paper con- 


tains, and all settle such trivial little point! needed not such 


elaborate investigation this attest Professor Eddy’s great 
mathematical ability, consequently seems pity have wasted 
much valuable time. However, may not prove time wasted 
after all; for Professor Eddy’s paper may the means proving 
the profession that computing stresses engine and pro- 
portioning parts assumed intensities which not provide adequately 
for the effect impact, they have been ‘‘straining gnat and swal- 
lowing camel.” 
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order demonstrate the writer’s assertion that practically exact 
stresses can found the assumption equivalent uniformly distrib- 
uted loads, let take standard for comparison Mr. Theodore 
Cooper’s engine diagram denominated Class A,” 


undoubtedly the diagram that has been most widely used since 
means such diagrams came into vogue. its use 


have been figured the bending moments and shears the following 
tables. 

Those for stringers and plate girders have been computed for span 
case truss spans, the smallest length has been taken equal 100 feet, 
and the greatest equal 300 feet, the intermediate spans varying length 
feet; all which merely for convenience. For the same reason 
single panel length (25 feet) has been adopted for all cases, and the 
chords have been assumed parallel and the trusses the 
simple Pratt type. Although these conditions would not all realized 
modern practice, still the assumptions cannot any way vitiate the 
results the investigation. 

will observed that there are but two cases loading used 
the proposed simple method making computations, viz., equivalent 
uniformly distributed loads for the chords and webs all girders and 
trusses, and additional load for testing the shearing resistance the 
webs plate girders the ends thespans. reality the last load 
will found needed only cases girders, conse- 
quently may say that the proposed method for all cases ordinary 
practice reduces the use equivalent uniformly distributed live loads. 
That these equivalent loads can used finding the reactions 
concentrations over floor-beams, the writer has just ascertained while 
preparing summary the results the calculations that were made 
compiling the tables this paper. 

The rule for finding floor beam concentration multiply the 
equivalent uniformly distributed live load per lineal foot for span 
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two panel lengths the length one panel. said equivalent load 
were determined for the mid span bending moment, the result will 
mathematically correct but were determined for the absolutely 
greatest bending moment any part the span, the result will give 
very small error the side safety. 

That the principle involved was unknown the engineering profes- 
sion only two years since, evident from perusal Mr. Theodore 
paper American Railroad Bridges,” published the July, 
1889, number the Transactions the American Society Civil Engi- 
neers; for page 27, says: represent the action train load 

roperly this method, should need four different series equiva- 
ent loads, all varying for each span. 

apparent simplicity, therefore, using equivalent uniform 
loads for proportioning our structures fallacious one; when 
applied partial loads becomes far more confusing and untrust- 
old method computing strains use panel loads and 
equivalent uniform loads (and too often using only the one derived 
from the moments), has gradually given way system much simpler, 
more accurate, and also easy application.” 

Again, referring the table the top page the same paper, 
drawing lines from the loads the Double column the loads 
for twice their span lengths the Moment” column, and allowing for 
slight inaccuracies calculation, for the fact that the absolute 
maximum moments rather than moments mid span were adopted 
computing, what find? Nota confirmation the mathematical 
theory herein given, for mathematical work needs confirmation; but 
proof that not one that time knew the existence the 
principle that will demonstrated presently. 

Referring the quotation from Mr. paper, can con- 
cluded that that gentleman strongly favor the continued 
use engine diagrams, but also that just strongly opposed 
the use equivalent uniform loads. Consequently fair presume 
that, after reading what precedes and follows this, will give the matter 
thorough discussion. 

The following mathematical proof the rule previously stated, 
and simple that the writer amazed that the principle was not 
discovered long ago: 

Let any load, the double panel length, the distance from 
the nearer end the span the point application the reac- 
tion concentration over floor beam, and the equivalent uniformly 
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distributed load per lineal foot span that will produce the middle 
the span the same bending moment that due 


Fie. 1. Fie, 2. 


Equating this the moment the same point caused the 
equivalent uniformly distributed load, have 


Now, multiplying the panel length, have 


Now, this true for any single load, therefore holds good for 
any summation loads, consequently the statement proved. 

the assistants, Mr. Stites, Assoc. Mem. Am. C.E., 
and Mr. Lee Treadwell, Jun. Am. Soc. E., due the credit for making 
the numerical before referred to, and upon which the treat- 
ment this whole subject equivalent loads engine concentrations 
based. These gentlemen figured independently, being some 300 miles 


apart, then compared results; consequently said results can accepted 
reliable. 


Span. 

Equivalent Uniform Load. Span. Equivalent Uniform Load. 
feet. 760 pounds. feet. 995 pounds. 
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not necessary prove here that such table the foregoing can 
used legitimately designing plate girder spans; for the reason 
for five years past bridge computers have been using tables 
equivalent uniformly distributed live loads plate girder designing, 
they have not been able use them computing stresses 
trusses. 

may possible that the parabola moments due the equiv- 
alent uniform load, and number moments from concentrations 
intermediate points, were platted the same sheet, some the latter 
would pass trifle outside the curve; but so, this would cut 
figure, because the maximum bending moment most cases the 
quantity sought for proportioning such structures; determin- 
ing lengths for cover plates, good designer will always add feet. 
the length required theory. The moment parabola referred 
affords very expeditious method the proper lengths 
cover plates. 

plot cross-section paper the loads given the table, and 
draw, nearly asis practicable, through the points indicating the loads, 
shapely curve, will find that one the points will not lie there- 
in. This due some peculiar relation between the wheel spacing and 
the span length, and would not occur for the same span with the slightly 
different wheel spacing some other similar locomotive; consequently 
would proper, preparing tables equivalent uniformly distri- 
buted loads for actual use, ignore such variations from uniformity 
and fill out the table from the ordinates the curve. 

strong point that can raised favor using equivalent uni- 
formly distributed loads for finding bending moments plate girder 
spans that the ordinary engine diagram cannot employed, for the 
reason that the greatest bending will nearly always occur when some 
the wheels the head the train have passed off the span. con- 
sequence one would either need have hand moment diagram with 
each wheel leading turn for each standard loading, would have 
discard all diagrams and make special investigation moments for 
each case arises, determining each time experience trial 
which several wheels placed mid span will give the greatest 
moment. the latter method that the writer has used for years 
when forced into figuring the concentration method because com- 
petition. 
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have been dealing thus far with plate girder spans 
will now treat the end shears these before passing 
Investigation shows that the amount added the half the total 
uniform load any span order equal approximately the end 
shear given the equation— 

where the additional load, the span length, and and are 
constants that will differ for different engine and car loads. 

For the engines used these calculations 000 and 100. 

the following table are given the results the calculations: 


Uniform Halt Load Additional Percentage 
| 
860 500 000 109 500 106 2.5 Safety. 
102 465 500 115 965 2.4Safety. 
654 109 620 000 123 620 3.1 Safety. 
490 122 150 000 137 150 136 0.6 Safety. 
135 160 000 151 160 153 1.4 Danger. 
148 950 000 165 950 2.2 Danger. 
226 161 300 000 179 300 3.4 Danger. 


consulting the last column will seen that the formula 
assumed will give most cases small error the side safety. 
really only the spans exceeding feet that the error the 
danger side; for the value the 20-foot span would practice 
increased the adoption uniform curve loads, before 
mentioned. 

Moreover the end shear plate girder spans means 
important factor designing, for two reasons, viz.: 


First.—There nearly always excess section the web 
well proportioned plate girder, and 


Second.—The intensity shearing stress always taken very low, 
being 000 pounds for iron and 000 pounds for steel. 

The main object inserting the last table show that prac- 
ticable establish, for any system live loads, simple formula for 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| | | | 
| 
| 
q 


WADDELL RAILWAY BRIDGE DESIGNING. 


readily within small limit error the end shears plate 
girder spans. 

Passing now truss spans, the following table gives the equivalent 
uniformly distributed load each panel point each span considered, 
which will produce the same bending moment will the loads for the 
engine diagram. The averages are for the loads all the panel points 
and not the direct averages those given the table. 


Panel Point. 100-foot 150-foot 200-foot 250-foot 300-foot 


Span. Span. Span. Span. Span. 
Greatest Safety Error by 
using the Average...... 2.23% 1.45% 1.83% 1.38% 
Greatest Danger Error by 
using the Average ...... 2.21% 2.07% 2.14% 2.10% 2.09% 


will observed that the greatest error the side danger 
any span very little over per cent., and that with the exception 
the 100-foot span the greatest error the side safety little less 
than per cent. The fact that the uniform load gives general 
small error the side safety for the chord members, except the 
ends span, good feature because placing cars ahead the 
locomotives, greater chord stresses can often found than those 
obtained the use the ordinary engine diagram. 

for the per cent. error the side danger the ends 
span, will cut but little figure even really affect the sections, 
which generally will not, because single track bridges the two 
panels bottom chord each end span, being stiffened for wind 
pressure, have always slight excess metal; and the inclined end 
posts, being proportioned for bending, have great excess metal, 
far the direct stress concerned. 

Adopting for the web members the same uniform load the average 
determined the last table for the chords, and computing the web 
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stresses therefrom, also those for the same members, means the 
engine diagram will obtain the results given the following table: 


Shear in Pounds. | 


Diagram. Uniform Load. 
End Post ...........0. 126 881 124 050 2.23 Danger. 
100-foot .. tas. First M. Diagonal,.... 59 429 62 025 4.40 Safety. 
Counter ........ 247 675 19.9 Safety. 
End Post 205 285 200 745 2.21 Danger. 
150-foot First M. Diagonal..... 134 585 133 830 0.56 Danger. 
First Counter ........ 36 576 40 149 9.77 Safety. 
281 874 275 716 2.18 Danger. 
First M. Diagonal..... 209 992 206 787 1.53 Danger. 
148 784 147 705 0.72 Danger. 
Third M, Diagonal. . 97 484 98 470 1.01 Safety. 
First Counter ....... 55 768 59 082 5.94 Safety. 
Second Counter ...... 26 220 29 541 12.66 Safety. 
357 668 349 875 2.18 Danger. 
First M. Diagonal .... 285 278 279 900 1.88 Danger. 
Second M. Diagonal... 220 844 217 700 1.42 Danger 
250-foot... 4 |Third M. Diagonal.... 164 804 163 275 0.93 Danger. 
Fourth M. Diagonal... 116 264 116 625 0.31 Safety. 
First Counter......... 75 887 77 750 2.45 Safety. 
Counter....... 645 650 6.85 Safety. 
433 260 424 182 2.10 Danger. 
First M. Diagonal..... 360 438 353 485 1.93 Danger 
| Second M. Diagonal... 293 893 289 215 1.59 Danger. 
300-foot... 4 Third M, Diagonal.... 234 684 231 372 1.41 Danger. 
***') |Fourth M, Diagonal... 181 734 179 956 0.97 Danger. 
135 134 967 0.05 Danger. 
First Coanter..... 95 206 96 405 1.26 Safety. 


The results this investigation cannot considered anything but. 
satisfactory; for the Danger” percentages error are all small (never 
exceeding per cent.) and affect the heavier members, while the 
percentages error affect principally the counters. Setting 
aside the consideration the inclined end posts for the reason mentioned 
previously, find that the uniform load stresses for main diagonals 
give very close coincidence indeed, the variation being hardly worth 
mentioning. for the counter stresses, error the side safety 
very good thing, because both impact and oftentimes adjustment. 
Moreover, the method proportioning counters very variable, some 
computers deducting the dead load stress the panel, and others not 
deducting it; while every conscientious designer always adds something 
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the section required for small counters order provide for uncer- 

this subject Concentrated vs. Uniform Loads, the 
writer wishes urge each engineer who discusses this paper 
give his opinion concerning the advisability continuing use the 
present laborious method computing stresses railway bridges, 
abandoning and adopting instead tables equivalent uniformly 
distributed loads for certain standard, locomotive and car loads, 
adopted the profession, similar those hereinafter indicated. 
only array opinion authorities, that railroad engineers can 
induced depart from established custom such exent specify 
uniform loads when calling for bids their proposed bridges; and is, 
undoubtedly, these gentlemen who keep the fashion bridge speci- 
fications after that fashion has once been set specialists. 


Taking now the second division A,” viz., The Proper 
Live Loads for Modern Bridge Specifications,” the writer would suggest 
the following (see Plate XVI): 

Class this series corresponds practically A,” 
and the Class his Heavy Grade Engines.” will 
observed, however, that there are but two wheel spacings employed, and 
that these are even feet. This merely for the sake simplifying 
calculations; and any one who has for years struggled with Cooper’s 
spacing feet and odd inches when reduced decimals foot, will 
agree with the writer that the change improvement. 

the general sentiment the profession prove favor the 
preceding standard loads, the writer will see that all the necessary 
accordance with his proposed system shall 
lated, tabulated and presented the American Society Civil Engineers 
within reasonable time. The regularity increase loads for the 
various proposed classes can seen inspection, the future 
heavier loads than the Lehigh Heavy Grade Engine,” with its car load 


pounds per foot employed, will simple matter extend 
the series. 


Cooper’s specifications provide alternative engine loads consisting 
100 000 pounds equally distributed two pairs drivers, feet center 
center, for his heaviest load, and reduced proportionately for his 
lighter loads. must supposed act without any other live 
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load, evident that they can affect only certain bridge members for 
very short panels. But the tendency modern bridge designing 
towards the use longer and longer panels, evident that these alter- 
native loads are unnecessary, unless for the wooden ties, the 
proportioning which judgment rather than figuring, ought govern. 
were compare the moments found Mr. Cooper’s alternative 
live load for Class with those obtained from our previously found 
equivalent uniformly distributed loads their adjustment the 
curve, would see that there only one case where the former would 
exceed the latter, and that only 1.4 per cent., hence reasonable 
that, for spans and panels exceeding feet, the alternative 
load unnecessary. 


Passing B,” which relates Wind Pressure,” will 
divide the subject into two parts, viz., ‘‘Amounts” and 
respect the former the practice has late years changed somewhat, 
the tendency being reduce the intensities specified and provide 
more thoroughly for the effects. For instance, many ofjthe older speci- 
fications called for pressure pounds the square foot surface 
both sides the span,when the bridge empty, while fact nearly 
every structure designed said specifications would double like 
jack-knife under such pressure. most the modern specitications, 
instead stating the amount wind pressure per square foot sur- 
face, the amount per lineal foot for each chord given, that for the loaded 
chord being 450 pounds, and that for the unloaded chord 150 
For short spans this method all right, that prevents the use too 
light lateral rods and struts, but for long spans the amounts are too 
small. The writer has verified this statement number times lately 
the designing unusually long spans, more especially where the 
structures have carry both railway and highway one case, 
for span 500 feet, the total pressure figured for intensity 
pounds, ran high 900 pounds per lineal foot, and another case 
for 560-foot span, figured for intensity only pounds, ran 
high 100 pounds per lineal foot. true that these spans were 
intended carry both railway and highway loads; but even had they 
been intended for railway traffic only, the total pressure per lineal foot. 
would have over-run considerably the 600 pounds ordinarily specified. 
the writer’s opinion the best specification for wind pressure would 
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embody both methods, using the standard 600 pounds minimum, 
and calling for intensities the empty structures varying between 
pounds for very short spans and viaducts and pounds for very long 
spans, those the loaded structures varying from pounds. 

respect areas opposed wind pressure, the writer’s prac- 
tice double the area the vertical projection one truss, deduct 
therefrom the area the leeward web protected the train, and add 
the difference the area the floor system found multiplying the span 
length the vertical distance from the top the guard the bot- 
tom the stringer. the lower lateral diagonals not protected 
the windward chord the stringers, their area included also. 

Now for the the specified wind loads, the most im- 
portant these are too often entirely ignored computers, especially 
competition for does not suffice calculate the stresses the 
lateral diagonals and stop there. good practice the effects the wind 
loads are followed from the points application until the masonry 
reached, and both the direct and indirect effects are considered. 
direct effects are meant stresses which come directly from the loads, 
such, for instance, the tension the leeward bottom chord from the 
loads the lower lateral system. indirect effects are meant those 
which not come directly (and are, therefore, too often ignored), 
such, for instance, the increase the tension the leeward bottom 
chord due the load that transferred from the windward the lee- 
ward side resisting the overturning moment the wind loads 
the upper lateral system, the somewhat complicated wind stresses 
the inclined end posts through bridges. The latter subject will 
treated under E,” but the former might well taken 
here. 

The amounts for the transferred load stresses cannot determined 
with accuracy, but they are large, not proper ignore them for 
such reason; because making certain assumptions they can 
found approximately. If, for instance, there were upper lateral diag- 
onals, and the wind loads the top chords were therefore carried 
the lower lateral system means the overhead transverse bracing, 
there would transferred from the windward the leeward truss 
each panel point load equal the product the wind load the top 
chord panel point and the truss depth, divided the perpendicular 
distance between trusses. The resulting tensions the leeward bottom 
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chord (which are the only stresses from this source that are any im- 
portance) could readily calculated, and would found increase 
from end middle span. But, again, there were overhead ver- 
tical bracing, the wind loads applied the panel points the top 
chord would carried entirely the upper lateral system the upper 
ends the inclined end posts, and thence down the same the piers, 
producing release load the windward pedestal and increased 
load the leeward pedestal. The latter, the chords were parallel, 
would produce tension the leeward bottom chord that would 
constant from end end span or, the top chord were broken, one 
that would decrease from end middle span. 

Now, general, the upper lateral system has, ought have 
much more rigidity than the overhead transverse bracing, the prob- 
ability that most the upper wind loads will travel the former 
certain engineers, and late among others the writer, have been the 
habit assuming for convenience, that they travel entirely that way, 
and that consequence the stresses from transferred loads both lee- 
ward and windward bottom chords are constant from end end span, 
provided the top and bottom chords parallel. The writer has gone 
step farther assuming that this holds good even when the top chord 
broken and, perhaps, here nearer the mark than the case 
parallel chords, for one account the stresses tend decrease from 
end middle, and another account they tend increase the same 
direction. 

The released loads the windward pedestals cause decrease the 
dead load tensions the windward bottom chord, and this effect should 
added invariably the compressions said chord from the wind 
loads the lower lateral system when testing for reversing bottom 
chord stresses with empty structure. Too often this ignored com- 
puters, especially when competing for contracts. 


will now pass ‘‘Group C,” viz., and Proportions 
before stated these, process elimination, are being 
gradually reduced system, although certain well known engineers 
persist adhering antiquated types. Experience has shown that for 
spans 100 feet, plate girders are the proper thing use. 
They should, however, built one piece the shops, and never 
spliced the field. This will limit the span for such structures 
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three car lengths, the weight during shipment being carried entirely 
the outer cars, the intermediate one being idler. 

account the unavoidable uncertainty concerning stress distri- 
bution that exists riveted connections, plate girders whenever they 
used are preferable lattice girders. The latter, however, 
through bridges, for single track spans between 100 feet and 150 feet 
length, and for double track spans between 100 feet and 125 feet, are the 
proper style structure adopt. However, they should invariably 
built upon the single cancellation principle instead of, ordinarily, 
with several systems intersection. The latter method not only un- 
scientific, but also extravagant the use metal; and the claims 
its advocates that superior the Warren type are imaginary and 
unfounded. fine opportunity discuss the much-vexed 
question multiple intersection versus single intersection riveted gird- 
ers, and hoped that will taken advantage those 
interested both sides the topic. 

evident from the preceding that the writer would rule out entirely 
the pony truss bridge. His reason for this because the uncertainty 
computing the strength chord. the first place its length 
strut indeterminate and the second place the side bracing, 
when attached shallow floor beams, often likely the case, 
liable more harm than good forcing the panel points the 
top chord The only satisfactory method determining how 
build good pony-truss bridges would construct number 
them them destruction, thus ascertaining their weak points 
and making, practicable, the necessary corrections. But would not 
this case where jeu n’en vaut pas 

For spans exceeding 150 feet for single track bridges and 125 feet 
for double track bridges, the Pratt truss with its vertical intermediate 
and inclined end posts has proved the most satisfactory structure, 
although one our prominent bridge engineers advocating truss 
with posts varying inclination the vertical. His principal claim 
for superiority for this truss economy material; but the writer's 
opinion this much more than offset several inferior details, 
prominent among which the suspended floor beam. hoped 
the writer that the gentleman referred to, good friend his, the 
way, will consider the foregoing sufficiently severe attack upon 
his pet truss warrant his bringing the subject for thorough 
discussion the profession. 
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The principal objections suspended floor beams are their lack 
rigidity resist vibration, and their inefficiency act lower lateral 
struts. been whispered that riveted connections floor beams 
posts are not perfect they are held be, but the writer has yet 
hear the first case failure the rivets this connection when the 
beams were well proportioned and the proper depth, although has. 
himself seen cases where extremely shallow and weak floor beams could 
not retained the post any practicable means. would like 
hear the experience other this point. 

Beyond the limit about 250 feet (more less according the 
lightness heaviness the load carried) well economize metal 
adopting what termed some engineers the truss and 
others the Pratt truss,” inclining the top chord may 
seem advisable—in fact the top chord may inclined broken 
advantage Pratt truss spans exceeding say 175 200 feet. the 
Pettit truss the writer has become convinced that, dividing the 
panels, much better carry the intermediate panel load 
strut towards the pier than take tie towards the center the 
span, even the former method require, often will, more metal; 
because the rigidity the truss whole thereby increased, and the: 
top chord sections are much more perfectly supported mid length. 

The inclination the top chord the horizontal feature 
can and sometimes carried excess. Its effect undoubtedly to. 
economize metal; but the same time its excessive use will throw 
much work upon the top chord and leave very little done the 
web, which therefore becomes light and vibratory. Again, with excessive 
curvature top chord, the stresses web diagonals are liable reverse. 
such reversion tendency towards reversion provided for ade- 
quately stiffeaing the diagonals, true that the objection vanishes, 
but the same time does the economy. the extreme case 
parabolic top chord, towards which some our latest long spans 
approach closely, every panel would need counter-bracing order 
transfer the advancing live load; and surely well-posted engineer will 
claim that the parabolic truss bridge good structure adopt. 

the practice when designing bridge with inclined top 
chords, figure the advancing live load stresses for both tension and 
compression upon every web member the truss from pedestal 
pedestal, then, after allowing whatever seems advisable for impact, 
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determine what diagonals will need stiffening and what will not. The 
percentage allowed for impact matter judgment, and will 
depend largely upon the character and velocity the advancing load. 
The proper minimum distance between central planes trusses for 
long through spans still undetermined point, some engineers 
making one-twentieth and others one-eighteenth the span. The 
writer now inclined middle course calling one-nine- 
teenth the span, although once designed some 500 feet spans with 
perpendicular distance between trusses feet. hoped that 
those engineers who think that the smaller limit will induce too much 
vibration, will, the discussion this paper, give their reasons for 
thinking. case deck structures, either the limit for the pependicu- 
lar distance will have increased the truss depth will have 
decreased comparison with the same dimensions for through bridges, 
account the greater overturning moment the wind pressure; 
and for through spans medium length, say 250 feet, the perpendicular 
distance between central planes trusses should much more than one- 


nineteenth the span. The writer would suggest the following table- 
for through spans railway bridges: 


SPAN LeasT PERPENDICULAR DISTANCE BETWEEN 
. | CENTERS OF TRUSSES. 
250 feet and under. feet. 
350 “ec 21 
400 | 93 
550 99 «6 
600 “ 31 


The writer earnest advocate the increasing clear roadways 
from feet for single track through bridges and from 
feet for double track through bridges. The extra feet width thus 
gained, together with properly designed floor system and pro- 
tection and re-railing apparatus each end the bridge, would 
away with fully per cent. the bridge accidents caused derail- 
ments, and thus deprive the opponents pin-connected bridges their 
sole argument that worthy consideration. 

The maximum allowable truss depth, except for draw bridges, 
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the writer’s opinion, should never exceed three times the perpendicular 
distance between central planes trusses; and when the extreme depth 
used mid-span should reduced toward the ends considerably. 

For several years past the writer has held the opinion that important 
bridges the lower lateral systems should rigid, and has now about 
come the conclusion that adjustable member better out any 
railway bridge than it. However, not yet prepared abandon 
entirely the use adjustable until such time the profession 
will begin agree with him substantially this opinion. 

regard the proper panel length for any truss bridge, the tend- 
ency late years has been increase this length for the purpose 
saving metal not only the eye-bars but nearly all the other members 
the structure; but, while saving metal, some designers have gone 
little too far using eye-bars too shallow for their lengths. Such pro- 
portions feet length and inches depth are not unknown; but 
what the sag these bars the writer cannot say. Although not 
entirely guiltless himself this particular, has for several years been 
endeavoring reform adopting the following table, occasionally, 
however, departing from slightly, but all such cases compensating 
endeavoring compensate the use extra section the member: 


Unsupported Horizontal Length of Bar. || Minimum Depth of Bar. 
16 “ec 24 “ 

17 3 
20 4 
22 ss 4} 
5 
27 6 “ 
33 8 


The theory has been advocated prominent engineer that the use 
shallow bars for long panels can harm, for the formation 
the bar the metal not overstrained; but such theory 
does not appear the writer tenable. Long panels for wide 
bridges are all right, but for single track spans short and medium 


lengths, extraordinarily long panels cause the lateral diagonals act 
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with too small inclination tothe planes the trusses, and thus lessen 
their power check vibration. 

respect spacing stringers there seems considerable 
difference opinion among enginears. Some say that they should 
placed exactly under the rails order that the load may applied 
directly, while others space them much feet and even feet apart 
economize metal floor beams. the former method 
adopted, outer stringers should used support the ends the 
ties case derailment. This, course, increases the weight metal, 
is, therefore, objectionable, more economical and equally effect- 
ive system can designed. matter fact, can any one point toa 
case where metal stringers have been injured the bending down 
the horizontal legs inner upper flange angles, and there such 
case, was there not some glaring weakness the floor system proper? 
Stutistics this subject would valuable. 

For several years the writer has adopted the following floor system: 
metal stringers spaced feet centers; pine ties, inches edge, 
and dapped inch onto stringers, each tie being bolted each end 
through the stringer flanges and outer guard timbers with bolts 
staggered respect the flange angles; outer guard timbers, 
inches, inches, dapped inches onto ties, which are spaced, 
nearly may be, inches centers, leaving openings inches, and 
dapped inches onto the ties and faced the sides next the rails 
with angle iron, screw-bolted the timber, the guard 
timbers being bolted alternate ties with bolts. Certain railroad 
engineers have objected this system, because the difficulty re- 
placing ties. They say that only every third fourth tie should 
bolted, and that the bolts should not through the stringer flanges, 
but should grip the same one-sided heads. The reply this 
criticism that the system was designed not make easy replace- 
ment, but make difficult break remove derail- 
ment; for floor system should built able carry train 
entirely derailed across the structure without injury the latter. The 
writer thinks that this floor system bridges having feet clear 
roadway, and provided with proper re-railing devices and collision piles 
the embankment near the ends, will afford the best possible protection 


against failure structure derailment. 
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any one has better floor system than this, let him describe 
his and show why superior, after which the writer will 
only too happy abandon his system and adopt the better one. 

Opinions differ concerning the use pine and oak for floor timber. 
The preference for the former due the fact that oak un- 
satisfactory because its warping and splitting. Moreover, when 
gets old, dry-rot sets and forms punky material that easily ignited. 
Good pine decidedly superior oak; but one should not economize 
the depth the ties when the stringers are much spread, for the 
strength timber usually overrated. 


will now pass D,” viz., ‘‘Intensities Working 
and will take the bold step assuming that the near future 
the material for the metal railway bridges will exclusively 
steel. This step warranted the fact that to-day mild steel prac- 
tically cheap iron, and that fully reliable. 

There portion bridge designing which there greater 
diversity opinion among authorities than this matter intensities 
working stresses. For this there are two reasons: First, the problem 
what the relation between statically applied loads and the same loads 
applied with different velocities, practically unsolved one; and, 
second, the effect metal oft-repeated loads has been experimented 
upon very extensively, but not ina manner that makes the deductions 
from the experiments applicable bridge designing. 

The subject the relation between statically and dynamically ap- 
plied loads has for years been occupying the writer’s mind; and one 
time, when Japan, went far design and build apparatus 
for measuring the extensions bridge members under loads. Unfor- 
tunately, either the design the manufacture was defective (possibly 
both), for the instrument failed give any record value; and since 
then opportunity has been found continue the investigation. The 
French technical papers have lately stated that there has been designed 
Europe apparatus for making such measurements means 
water pressure cylinders widely varying diameters, and that the 
apparatus success. Here fine opening for few energetic engi- 
neers and professors civil engineering make series experiments 
the greatest value; and not unlikely that, were said experiments 
made under the auspices the American Society Civil Engineers, 
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appropriation defray the expenses same could obtained from 
the United States Government. The results proper series tests 
this kind would incalculable value the engineering profession, 
and consequently also the general public. probable that the 
railroad companies would lend their assistance the extent, least, 
furnishing trains and bridges for the experiments. The series tests 
should cover spans all kinds and lengths, and should applied also 
all the different members said spans. 

Now, the wearing effect oft-repeated loads: number Ger- 
man scientists have devoted several years elaborate series exper- 
iments upon the effect loading and unloading quite rapidly test pieces 
iron and steel beyond the elastic limit. The effect these tests upon 
American bridge specifications has been introduce somewhat bur- 
densome formula, which generally the form: 


maximum stress 


the live loads bridges were applied every two three minutes, 
such formula would applicable; but most cases the metal 
bridges has time recover itself between the applications the live 
loads; consequently, the adoption formula would appear 
unnecessary, involving does the use extra metal. 

The adoption modification this formula cover the 
effects both impact and fatigue, probably, the present state 
our knowledge, the best compromise that can made; and the writer 
would consequently suggest that 


maximum stress 


This form the equation (by means original with the writer) 
accords very well with his ideas what the extreme limits stress 
metal should be. must observed, though, that the constant 
the equation must changed for the different kinds bridge members, 
would obviously incorrect make the same for primary truss 
members and for the chords long spans. Moreover, scarcely 
worth while apply the formula primary truss members, stringers, 
floor beams and plate-girder spans under say feet length; for 
these the item impact than that fatigue, 
that, the limited state our knowledge, well adopt intensities 
which know experience will low enough. 
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The adoption the formula involving the factor min. surely 
max. 


incorrect, for implies that live load twice destructive dead 

this were for one member, would not for another; 
or, were true for short spans, would not true for long ones. 
Let take, for instance, extreme case and assume that side 
side, two very long duplicate suspension bridges whose cables are 
iron eye-bars. one bridge, the dead load strains these bars 
pounds per square inch, while the other the dead load strains them 
only 20000 pounds; but once day there passes slowly over the struc- 
ture live load that strains them 10000 pounds more, making maxi- 
mum intensity 30000 pounds. Now, which these structures would 
fail first? Surely would that which loaded constantly 40000 
pounds; formula would indicate that the two structures under 
the different loads the same strength. Some engineers have even 
been known contend that were the live load the second bridge 
increased produce tension 20000 pounds per square inch, 
making the maximum intensity 40000 pounds, the other bridge would 
still the one fail first. This, perhaps, extreme view take; 
but would interesting try similar experiment upon small 
scale loading vertical tension member with constant dead load 
that know, left length time will surely cause rupture, 
and loading other similar pieces periodically loads applied and 
removed very gradually, producing series maximum intensities 
varying uniformly. desired obtain results for combined live 
and dead loads, certain the test pieces could have dead loads attached 
that would differ uniformly. obtain results with any pretension 
authenticity, the test pieces should made alike with the greatest care 
and the most uniform metal obtainable; and there should not less 
than three pieces used for each different kind load. would 
suggest that some energetic young professor civil engineering, who 
has time spare, undertake this series experiments, and communi- 
cate the results the American Society Civil Engineers. 

Mr. Cooper, his specifications for both railway and highway bridges, 
effectively makes the broad statement that live load all cases just 
twice destructive dead load. this true for arailroad bridge 
where the moving load applied rapidly and with impact, would also 
highway bridge where the load applied slowly and quietly? 
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may reply that has increased the intensities for highway bridges; 
but this would begging the question; for, surely, the dead load 
railway bridge more destructive than equal dead load high- 
way bridge. 

The writer would suggest the following for intensities working 
tensile stresses: 

Bottom chords and main diagonals (eye-bars), 

maximum stress 
Bottom chords and main diagonals (plates shapes) net section, 


maximum stress 


Long verticals 000 pounds. 


Bottom flanges riveted cross-girders and 

stringers and longitudinal plate girders 

Bottom flanges stringers and longitudinal 

plate girders feet length 9000 


The principal object reducing the intensity for flanges girders. 
not exceeding feet length discourage the use short panels. 

proper use the same formula for bottom chords and main 
diagonals, because the minimum stress the former the dead load 
stress, while the latter the dead load stress less the live load stress 
that tends put the diagonal compression. counter ties are 
used, course there can such reversing stress excess the 
dead load stress, hence the minimum stress will zero, and the proper 
working tensile strength will 000 pounds for eye-bars 
and 000 pounds for plates and shapes. For counter rods, the writer, 
when cannot avoid adopting them, still prefers use iron, and 
strain them 000 pounds the square inch. 


Some engineers contend that, for tension members built 
plates and shapes are strong, per square inch net section, are 
eye-bars; but until ample experiments prove this fact, the writer 
prefers make difference for the two cases, although not 
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difference would adopt were the metal iron. Discussion this 
point would valuable. 
For top chords the intensity would 


maximum stress 


unless the ratio unsupported length least radius gyration exceed 
fifty, which case the intensity given the formula multiplied 
ratio 
bridges the ratio less than fifty. Some engineers are 
the opinion that top and bottom chords can strained alike, especially 
higher grade steel adopted for the former, but the 
writer will averse this until experiments upon full-sized com- 
pression members prove legitimate. 

For inclined end posts the intensity working stress should 
found the same formula used for top chords; but nearly every 
design for through bridges will found that the bending effect the 
wind pressure will necessitate increase section. For vertical posts, 
which should always hinged, the intensity can found the for- 
mula, 


the quantity most cases well designed railway 


This formula was given the writer some five years ago Mr. 
Edwin Thacher, who established eminently practical manner 
plotting the results large number experiments, inclosing the 
points oval and drawing axis through the latter. The equation 
this straight line, divided throughout certain factor for safety, 
will give the last equation. The writer wishes protest here against 

2 

the further use formulas for compression members, for the 
reason that involves unnecessary labor and gives results that are 
more nearly correct than those obtained from formulas involving 


the first power. The general use the second power due its having 
occurred Euler’s formula, which was established upon assumption 
that does not hold good for compression members bridges. Some 


engineers may contend that immaterial whether used the 


second first power, the results are always tabulated; but there are 
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slightly different formulas specified which involve that one 


often finds that the tables has hand will not apply. 
For lateral struts, the ends which should always fixed, the for- 
mula will 


This formula may appear give too great intensities but will 
found that the limiting sizes sections and limiting ratio length 
least dimension, which are given good specifications, will overrule the 
objection and when designing the lateral systems large and import- 
ant bridges, the computor who tries will become convinced that this 
formula just what needs. 

cases very great wind pressures for long spans, where takes 
large amount metal provide for wind stresses, the writer con- 
siders legitimate adopt double system triangulation for the 
lateral system, and assume that each half carries one-half all the 
wind pressure allotted the entire system and doing not 
inconsistent, although condemning multiple systems for vertical trusses; 
because maximum wind loads are rare occurrence, while the maxi- 
mum loads for vertical trusses are liable occur frequently. 

Referring the latest edition Mr. Theodore specifica- 
tions, the writer wishes take exception couple points relating 
strut formulas. First, the intensities specified for posts are excessive 
for instance, the case long span where, account the inclined 
top chords, the dead load stresses posts are small that 
here ignore them (if fact they not reverse), his formula for steel 


would beabout assumed equal 80, which 


allowable, the intensity working stress would only pounds. 
Surely this too small for such large and important member ver- 


tical post. Or, 50, the intensity will 000 


while according Mr. Bouscaren’s specifications would 000 
pounds. Surely when two such high authorities differ such ex- 
tent, some explanation needed. The writer’s proposed formula would 
give intensity 000 pounds, which exactly mean between the 
two. 


Second, the writer considers incorrect treat batter brace 
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inclined end post the same way vertical post treated for 
said batter brace some extreme cases merely continuation the 
top chord, and all cases resembles the same respect stress and 
sectional area, therefore ought treated such. hoped 
that Mr. Cooper will explain the discussion his reasons for specifying 
such peculiar intensities working compressive stresses those 
referred to. 

Finally, word regard the use the formula for reversing 


minimum stress 
maximum stress 


This should employed where the reversion common occur- 
rence, web diagonals, and not where unusual, the flanges 
floor beams where the stresses are liable reversed once great 
while highway loads carried cantilever brackets. 


will now pass E,” viz., Combined Stresses,” and 
will divide into two parts: Longitudinal stresses only and 2d, 
Co-existent longitudinal and bending stresses. 

Part No. relates principally bottom chord proportioning when 
the wind stresses are taken into account. One authority stipulates 
for this, that when the wind stress exceeds one-quarter the sum 
the live load and dead load stresses, the section shall increased 
until the total stress per square inch will not exceed more than one- 
quarter the maximum fixed for the live and dead loads only. The writer 
would prefer, after figuring the direct and indirect wind stresses ex- 
plained previously this paper, and adding them thesum the live 
load and dead load stresses, use intensity per cent. greater than 
that adopted for the live and dead load only, provided that said intensity 
never exceed pounds for eye-bars, 000 pounds for tension 
members built plates and shapes. better take into account 
all possible stresses when finding the maximum total, and use high 
intensity, than ignore certain important stresses and use lower 
inteusity. 

Part No. relates principally the proportioning batter braces 
inclined end posts; and peculiar fact that railway 
bridge specification yet written begins cover the ground designing 
properly this important member through bridge; and, moreover, 
the matter seldom given the importance deserves, even large- 
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bridges designed our leading bridge companies and expert engi- 
neers. 


There are three vital considerations the correct proportioning 
batter braces, viz. 


What are all the direct stresses, and how are they found 


What the greatest bending moment, and how should 
computed 


What are the proper intensities used, and upon what should 
they figured 


The answers these questions are follows: 


Liveload, dead load and transferred load stresses, the latter being 
computed indicated previously this paper. 


The greatest bending moment found assuming division 
(usually equal) the total wind pressure upon the structure between 
the four pedestals, and multiplying the thrust one leeward pedestal 
the distance between the center the end pin and the section the 
batter brace under consideration. Some engineers, order reduce 
the bending moment thus found, which undoubtedly very great, 
assume fixedness the batter brace the pedestal, thus cutting 
down the length the lever arm, and consequently the amount the 
bending moment, per cent. Although the writer some seven 
years ago computed this way, now convinced that the method 
wrong; for the end the piece cannot possibly fixed held 
any way that even approaches fixedness. the moving end the 
span there certainly enough play between the bottom the pedestal 
and the holding down members, whatever they may be, nullify all 
assumptions rigidity; while the other end the span, even 
there were play the end pin-hole, the anchor bolts and the details 
affected the stresses therein are means strong enough war- 
rant one assuming fhe connection constitute fixed end. 

The intensity working stress the total intensity the ex- 
treme fibre the section considered, and equal the sum the 
total direct stress divided the sectional area the member the 
place considered, and the intensity extreme fibre stress the com- 
pression side, due the bending moment the horizontal reaction 
the foot the member. The value this total intensity should lie 
between 000 pounds for short spans and 000 pounds for very long 


| 
q 
4 


106 WADDELL RAILWAY BRIDGE DESIGNING. 


ones. Even these apparently high values will often make the 
area the batter brace appear excessive. 

The most effective way strengthen the batter brace against bend- 
ing add metal the form heavy angle irons just outside the 
webs the built rolled channels. number the latest Missouri 
River bridges, all built the same show quite unnecessary 
defect the design for the reinforcement the batter brace; for all 
the reinforcing metal placed upon the inside the form 
beam, thus making the section the member decidedly unsymmetrical, 
and weakening instead strengthening it. 

one these cases which the writer has checked, the addition 
16.85 square inches section the form built beam increases: 
the intensity working stress for combined live and dead loads about 
per cent.; while, the same area had been added symmetrically, 
the intensity working stress would have been reduced about 
per cent. true that the member stands all right 
for bending, even with the worst combinations stresses, and the metal 
under live and dead load stresses not dangerously overstrained; never- 
theless there seems good reason for disposing extra metal 
unscientifically make more harm than good, when could 
easily have been distributed advantageously. Possibly the reason 
that the extra metal were divided equally between the two sides 
the member, the leeward batter brace would, for combined direct stress 
and bending, strained about per cent. higher than the windward 
batter brace with all the metal theinside; but even then the extreme 
fiber would still strained within legitimate limits. Moreover, 
not better practice overstrain metal once great while, say once 
ten years, per cent. than overstrain per cent. every time- 
that the structure receives its full live load 


will now pass F,” viz., Plate Girder 
this matter there quite little difference opinion among 
designers, probably owing the necessarily unsatisfactory character 
all investigations concerning stress distribution this style girder. 
Plate girder proportioning amounts but little more than 
thumb practice; would well for all acknowledge the fact. 
once, and series experiments destruction, ascertain how 
satisfactory are our present methods design, then, necessary, modify 
them. 
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The questions how the shear the web travels, and how the 
stress flange distributes itself over the section, can never deter- 
mined analytically except upon assumptions that cannot verified 
even approximately, nor can tell theoretical investigation what. 
should the proper thickness for web; consequently would 
well drop these investigations once and for all time, and content 
ourselves with ascertaining whether our present methods proportion- 
ing will bear the searching investigation and criticism attendant 
exhaustive experiments. the writer’s opinion any web, properly 
stiffened economically designed plate girder, will 
have sufficient sectional area far strength concerned, there 
use adopting webs thicker than three-eighths inch for long, 
deep, single track girders, provided that said thickness give ample bear- 
ing for flange rivets near the ends span, which most cases will. 

matter precaution, the writer averse making webs 
stringers less than three-eighths inch thick, although believes. 
that five-sixteenths inch plate, when stiffened and kept well 
painted, will its work just well. Does any one know case 
where the five-sixteenths inch web well designed plate girder was 
the cause even symptoms failure? Some statistics this pont 
points actual weakness plate girders under traffic would 
very interesting, and hoped that the discussion this paper will 
bring such matters light. 

The clause Mr. Cooper’s specifications which stipulates that, 
whenever practicable, one-half the sectional area any flange should 
lie the two angle irons, very good one, and the writer’s opinion 
the number cover plates used for flange should restricted 
three, preferably two. 

There important matter neglected most railway bridge 
specifications, viz., the proportioning end stiffeners where the plate 
girders rest masonry other supports. The intensity use for the 
steel end stiffening angles should 000 pounds; and the filling plates, 
there any, should not counted upon aiding said stiffeners. 
Both ends such end stiffeners, and the upper ends all intermediate 
stiffeners deck girders, should cut bear against the 
horizontal legs the flange angles. This point often overlooked 
manufacturing. 

There some difference opinion among experts the greatest 
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allowable length unsupported compression flanges plate girders, 
Mr. Cooper placing thirty, and others low twenty times the 
width the flange. The writer thinks that with the style floor 
system described this paper, where the track ties provide great lateral 
stiffness for the flanges, the limit thirty correct. 

his firm opinion that the proper way proportion the section 
plate girder for given bending moment count the web 
aiding resist bending. surely does aid resisting, why not 
allow for its resistance? There need for going into burdensome 
calculations involving moment inertia cross-section, when the 
method assuming that one-sixth the area the web concentrated 
the center gravity each flange will give almost identical results. 
course, the web counted in, the intensities working stresses 
for the flanges will have decreased accordingly. While true 
that for girders ordinary proportions immaterial whether the 
flange section proportioned one formula, ignoring the web, 
another equivalent formula involving it, evident that 
girders unusual proportions, for instance, very deep floor beams 
where the bending moments are comparatively small, the ignoring 
the aid the web resisting bending causes waste metal the 
flanges. 


will now pass the next group,” and the last, viz., 
G,” which includes General Details Construction but account 
the large field that covers, will have confine our attention 
the salient points design whereon engineers differ, taking first 
those relating general features and afterwards those that may more 
properly termed details.” 

The question how far the riveting striugers floor beams 
should carried, still undecided point. This method con- 
struction has decidedly great advantages respect both rigidity and 
economy material, but would objectionable for very long spans for 
two reasons; first, the stringers have tendency some the work 
that belongs the bottom chords, for which the connections the 
former are unfit; and, second, there horizontal bending induced 
the floor beams, especially those near the ends the span. The 
writer never hesitates about riveting stringers beams ordinary 


spans 175 feet length, any draw span whatsoever; and 
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has lately concluded adopt the system for spans any length 
inserting sliding points the floor system distances about 150 feet. 
Stringers riveted beams really aid the bottom chords resisting 
reversed stresses, but upon this fact the writer never relies, preferring 
stiffen the bottom chords, although the practice some bridge 
builders omit the stiffening. 

The use end floor beams for all spans still undetermined 
matter. The old practice was let the stringers the end panels bear 
upon the masonry, and run light strut between pedestals; but for 
several years the writer has invariably used end floor beams with 
stringers riveted thereto, and well satisfied with the results the 
practice. The advantages the detail are homogeneous motion 
contraction and expansion for all the metal the structure with only 
two places for sliding rolling motion, greater rigidity floor 
system the end panels, and very satisfactory end lower lateral strut. 
The only disadvantage slight one, viz., the necessity for using little 
more metal. 

The intersection point all the axes bridge members coming 
together any panel point structure has for years been deside- 
ratum, but far the writer knows has never been attained for any 
structure yet built. The writer, after seven years trial, has last 
solved the problem for large structures, and has applied the method 
two three large bridges that now preparing build. The 
method, course, could applied short and light spans also; but 
would require amount extra metal that does not seem advisable 
employ, considering the fact that the objectionable results eccentric 
connection can generally provided for legitimately, either strain- 
ing the metal higher reinforcing. Unfortunately, however, the 
injurious effect eccentric connections too often ignored bridge 
designs. 

The connection end lower lateral diagonal the pedestal 
plate, instead the chord and end floor beam very faulty detail. 
begin with, the connection made generally foot below the center 
line the chord, producing bending moment that, when expressed 
inch pounds, seems enormous. the fixed end the bridge special 
harm done; but the roller end the uniformity the pressure 
the rollers seriously interfered with, and bending moment thrown 
upon the end diagonal, stiff member. short not 
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scientifically designed connection; and there need whatsoever for 
adopting under any circumstances. 

late years floor beams for large bridges have been designed with 
incomplete lower flanges for reasons with which all bridge builders are 
acquainted; but such cases better use intermediate flange 
running the entire length the beam rather than carry the shear 
the posts patch-work. few tests full sized specimens floor 
beams with incomplete bottom flanges and patched ends would afford 
considerable information value, and the experiments were extended 
show the effect the strength beams beveling fish-belly- 
ing their ends, the results would still more valuable. 

There very common connection for lateral rods that quite 
faulty, yet used the present time. the one where the rod 
passes between the vertical legs two short pieces angle iron and 
through either plate another piece angle iron for the adjusting 
nut turn against. faulty because the rivets connecting the 
angles the main member are proportioned for shear equal the 
tension therod, while, reality, there neglected bending moment 
equal amount the tension the rod multiplied the perpendicu- 
lar distance between its axis and the main member. This bending 
moment must resisted equal one, one the forces which 
direct tension some the rivets. the length the connecting 
angles were made sufficiently great, the detail would not objection- 
able; although rivets should not subjected direct tension. The 
tension, perhaps, might considered indirect that comes from 
induced bending moment; moreover, may made small 
please simply lengthening the angle irons. 

The writer has designed and adopted similar detail for making the 
end column truly fixed, running the anchor bolts couple feet. 
more above the pedestal, each between two angle irons riveted the 
member, and through very thick plate resting top said angle 
irons. this case the tension the rivets bagatelle. The ordinary 
fixed ends for columns, even when the anchor bolts are figured strong 
enough, are weak detail account assumptions, made save 
metal, which would never realized were the column bent the 
assumed transverse load. One favorable feature the detail just 
described that the pull from the anchor bolts carried directly into 
the body the column, passing without straining the bed plate and 
its connecting angles and rivets, 
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Beam hangers with screw ends ought longer countenanced, 
for they are many respects inferior plate hangers; and, fact, sus- 
pended beams themselves should ruled out, except for sub-divided 
panels, which case they should stayed effectively against all 
motion. the Atchison, Topeka and Santa 
Railway Company (1889) there clause requiring that double 
track bridges the floor beams invariably suspended. The writer 
desirous knowing what the reason for this requirement. there 
good reason, the general practice bridge designers should conform 
with the requirement; but not, the clause said specifications 
relation thereto should changed. 

The minimum thickness metal permitted certain bridge speci- 
fications (filling plates, course, excepted) one-quarter inch; but 
the writer’s opinion this ought increased five-sixteenths, and for 
all horizontal plates (that not let the water drain off readily) three- 
eighths inch. Metal that exposed very much smoke from 
locomotives, especially where the smoke can collect and hang, ought 
have thickness three-eighths inch, besides frequent painting. 

the writer’s opinion, any mild medium steel that will withstand 
the standard drift test, viz., the enlarging rivet hole per cent. 
without cracking, will not require reaming rivet holes. 

The lengths stay-plates for compression members are matter 
dispute among bridge builders, some requiring twice the lengths speci- 
fied others. The writer thinks hard and fast rule will answer, 
but that each stay-plate should have many rivets connect the 
main member its importance position demands. For instance, 
the hips, the top chord and batter brace stay-plates should long, while 
the main intermediate panel points they should shorter, and sub- 
panel points they might reduced inches length pro- 
vide four rivets each line. experiments have ever been made 
upon the requisite sizes stay-plates, there nothing for the designer 
but fall back his past experience and common sense when 
proportioning these details. 

Finally, there important item detailing that seldom seems 
receive proper attention: the effect eccentric stress upon 
group rivets. Designers not appear recognize the fact that there 
is, under such condition, immense bending moment that can only 
resisted equal bending moment due the shearing resistance 
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the circular direction about the center gravity the 
group. How often lower lateral rod say inch diameter 
connected the flange floor beam pin through plate that 
attached the angles four seven-eighths inch rivets, the perpendic- 
ular distance the center line the lateral rod from the center grav- 
ity the group rivets being say inches, and that from said center 
gravity rivet being say inches. the tension the 
lateral rod, one-quarter will the direct shear one rivet, and one- 
half indirect shear same; and one-quarter all that the 
rivet under the assumed conditions ought stand, evident that the 
total shear the rivet three times great ought be. This 
is, course, extreme case, but serves demonstrate the point 
issue. 

The extent this paper having far surpassed the limit set the 
writer the outset, will now close with request that all 
those who are especially interested bridge building discuss thoroughly 
not only the questions raised herein, but also other disputed 
themselves others the discussion; for intended sub- 
mit all discussions for still further discussion until there shall prac- 
tically more said the entire subject. 


DISCUSSION. 


bit very pungent satire his opening paragraph, when, after stating 
the object attained, leaves infer, from his figurative refer- 
ence the asymptote, that has hope accomplishing the object 
sought until the finite shall pass into the infinite, and shall 
more.” And therein is, doubt, correct. long there 
are differences the attendant conditions; long men see through 
their own eyes, instead their neighbors’; materials, and our 


knowledge them, are both state evolution; long the 


engines, the cars and their lading, which our bridges are support, are 
undergoing change—so long will men differ opinion many the 
points raised this paper. 

notice all the points raised Mr. Waddell, would practically 
amount writing full treatise Designing,” for which 
have neither time nor inclination. will, therefore, only touch upon 
few salient points. First these the subject Concentrated 
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Loads vs. Uniform Loads.” have always been favor the concen- 
trated load method, because involves more simplicity, greater ac- 
and less labor. Iam fully accord with the quotation from 
Mr. Cooper which Mr. Waddell gives that subject and while 
fully appreciating the beauty his new method finding the equivalent 
loads, fails convince that the former method should aban- 
doned. The new method still requires separately determined uniform 
loads for moments, and for shear, each variable for different spans. The 
amount labor necessary calculate the equivalent loads, for each 
type engine, would have served make tables moments and shears, 
for that engine loading, which would far more servicable than the 
uniform load, reducing the labor subsequent calculations and the 
result would not vary per cent.” from the correct amount, Mr. 
Waddell shows may the case with the uniform load method. 

Next, the types loading proposed. Turning Mr. 
Waddell’s diagram, note that shows his heavy train-loads with his 
heavy engine-loads, and vice versa. The developments the engine 
and train now progress, and the future which the bridge 
duty and aim anticipate, are not being carried along 
parallel lines. The growth the engine results from the effort in- 
crease the gross load hauled the growth the train load results from 
the effort make the paying load larger proportion the gross load 
hauled. but few years ago railroads were hauling 10-ton 
loads cars weighing tons now they are hauling and 40-ton loads 
cars weighing tons. And these cars, loaded, anywhere and 
everywhere; giving condition uniformity the service all roads, 
that renders more than one, the most two types train load, un- 
necessary. But with the engine the case different. The type 
engine used will depend upon the steepness the grades over- 
and different roads, and different divisions the same road, will 
require engines different class hence, all the engine types shown 
will needed. would, therefore, suggest that the diagrams proposed 
amended uniform following load 000 pounds per foot 
all cases. The 40-ton carloads, before alluded to, bring the actual 
loads the present day 000 foot, general every- 
day load; while special loads are frequently handled that far exceed this 
figure. seems me, therefore, that allowing for future development 
the carrying capacity the cars, pounds not too 
figure. would suggest further that Mr. Waddell’s engine diagrams 
will more accord with the actual dimensions which the engine 
builders are following, reduces the driver spaces feet, instead 
feet, and increases the distance from rear driver tender wheel 
feet, leaving other dimensions proposed. This will more nearly 
conform actual fact, without sacrificing the simplicity aimed at. 

cannot agree with the author his wholesale condemnation the 
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pony truss. There are certain situations which this form truss 
cannot well dispensed with and, notwithstanding the apparent am- 
biguity the effective column length the top chord, have yet see 
pony truss bridge showing signs failure account weakness the 
top chord. have known several such structures, some which were 
built the early days iron bridges, and for light loads and have 
known them show signs failure the floor beams, hangers, counters, 
ete., but never the top chord. the matter subdivided panels, 
must express myself favor carrying the intermediate panel load 
the top panel points, which Mr. Waddell condemns. fail, too, tosee how 
the other method adds the general stiffness the truss whole, 
how the mid-length the top chord can better supported than 
the King post type trussing. Furthermore, the form which Mr. 
Waddell advocates open the serious objection that those panels 
having counters, there can assurance that the load does not follow 
the counter instead the brace. When the counter action from 
the advancing load becomes certain that the load must follow the 
counter, because tie and strut, lying the same axis, cannot both 
service the same time. 

Passing group strikes that, after spending much time 
pleading for uniform loads, for the express purpose, alleged, dimin- 
ishing the drudgery calculation, the author becomes inconsistent 
when advocates complex formula for determining unit stresses, with 
so-called which must have different values for each class 
truss-members. The labor supposed saved the uniform load 
will more than lost finding the unit stresses. And what end 
How much better will the result than follow the simpler method 
using definite unit strain for each class members, varied, you 
please, different unit strains for live load and for dead load? Touching 
upon the proper allowed stress for tension members built plates 
and shapes,” calls mind the growing practice using built sections 
for the end panels lower chords, and for the end suspender. The 
compression strains these members are more less remote contin- 
gencies, while the normal strains are those tension. due regard 
for the fitness things” requires that these members present 
the eye the forms tension members, and the change from the eye- 
bar the built form offense the eye, which cannot too 
severely condemned and frowned upon. structures are, 
rule, not structures; but they have beauty their own, 
due partly certain grace outline and proportion, most all 
because higher and more subtle beauty, born inherent expres- 
sion massive strength and fitness for their work. can ill afford 
sacrifice this beauty; and, far pin connected trusses are concerned, 
would make the allowed unit strain for built members tension 
low that the resulting quantity metal required would more than 
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balance the slight difference cost between angles and eye-bars, and 
thus remove all temptation the use this form ugliness. 

the unit strains columns, has been lot appear 
print that subject several times the last few years, and would not 
enter upon now, were not that believe add something 
what has been said before. Engineering News December 22d, 1888, 
pointed out the fact that many those who are adopting the straight 


line formula, K—c give the numerical constants arbitrary 


values without regard the relation which should exist between them, 
which relation had been established paper the subject, read 
the Deer Park Convention, 1885, and published the transac- 
tions the Society for 1886. now submit two plates, which are 
plotted the lines representing all the straight line formulas now use, 
which have been able collect—those for iron being sheet No. 
and those for steel sheet No. (See Plates XVII, XVIIL.) 

glance these diagrams would indicate that the profession 
large has become convinced, not that the law the column correctly 
represented straight line, but that any straight line may represent 
that law. Plate XVII, line No. for chords, and line 
No. for initial strains lateral struts, and both are taken from one 
and the same specification. Please note that these lines cross each 


other which means that for greater lengths than 


would require relatively more metal lateral strut than top 
chord. think that this was the meaning, but rather that 
rather than the mathematical relation heretofore mentioned. 
Plate XVIII, line No. represents the equation for steel top chords, 
used the railroad lines with which the writer connected. 
has been established with due regard the law the column and 
correctly represents it. Line No. represents the formulas which Mr. 


Waddell recommends, viz., pounds to— 50, and 000 
for greater lengths. trust Mr. Waddell will not take offense 


venture point out that this formula utterly without support 
reason experience, and purely arbitrary assumption every 
particular. issimply avery poor one that, for, compar- 
ing the two lines the diagram. will seen that Mr. Waddell’s 


method gives results that are per cent. too high, and 


120 are per cent. toolow. The diagrams speak for them- 


selyes and further comment thereon unnecessary. 
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the paper before referred was shown that the correct law 
the column represented straight line, tangent the curve 
Euler’s equation. was also shown, stated, that this curve and its 
tangent possess the peculiar property that the ordinate the point 
tangency always one-third the ordinate abcissas. wish 
now call especial attention this property, contains the guiding 
principle which will enable find the proper value for any 
assumed working strain value simpler way than the 
formula given the original paper. the working formulas, 
whatever value assumed for the different classes members, 


and kinds stress, the value should taken that for 


was also shown that for end bearings, the points 
tangency are follows 


Iron. Steel. 

0.12 Carbon, 

which now add— 

Steel. 

0.16 Carbon. 


Calling this distance point tangency then equation 


But the foregoing condition, also have for that particular case, 


Giving successively the values just stated, have the following 


Tron. Steel 0.12. Steel 0.16, 


This will afford simple, direct and ready method fixing the 
proper value cin any working formula for column strains. give 
the formula for square ends and hinged ends both. practice, 
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however, use only the hinged end formula for the compression 
members bridges. There member pin-connected truss 
fixed direction the ends warrant the use the square end 
formula. 

regard girder work, wish call attention practice which 
believe almost, not quite, universal the offices the bridge 
companies. Notwithstanding the urgent advocacy uniform loads, 
because the results are enough,” they will carry calculation 
ultra refinement the weights angles; making the top and bottom 
angle girder, floor beam stringer differ 0.1 0.2 pounds 
per foot. have even seen these weights written twodecimals. This 
practice becomes absurd, stop consider that all that the rolling 
mills undertake do, get within per cent. the weights 
ordered; that say, 10-pound angle the allowed variation 0.25 
pound, and 25-pound angle 0.6 pound. These are the limits 
accuracy filling the order, and any greater nicety the weights 
ordered worse than useless, for introduces shades difference 
which cannot detected the shop foreman the inspector, with 
the calipers and foot rule which they carry. would like see clause 
every bridge specification prohibiting the use any weights shape 
iron, except those corresponding regular intervals 
would then possible know that assembling the right piece had 
gotten the right place. 

through” plate girders, notice that designers tend the 
use long panels with deep floor beams. This regard bad prac- 
tice, because the lack head room which prevents the use deck 
girders also restricts the depth floor; and, besides, the plate girder 
type always seems adapted receiving small loads many 
points, rather than large loads few points. will also found 
most cases, that the greater concentration loads few points 
results larger flange strains than with the more uniform distribution 
due shorter panels, 

science which draws necessary conclusions. Such the premises are, 
will the conclusions be. Hence should avoid the young 
engineer, described John who paced off the diameter his 
circle, and then calculated its six places decimals. Pro- 
fessor Waddell doing good service trying show that the simpler 
method uniform loads gives results accurate the assumption 
loads headed heavier engines can do, which more complex 
calculate. Certainly this matter proof, and can shown 
thing reflect that violent gale which would unroof houses, blow 
down chimneys and generally wreck any exposed structure presenting 
solid surface, will not injure any kind steel iron bridge unless 
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already tottering its fall like the old Tay bridge Scotland. But, 
the other hand, the most carefully designed steel bridge will 
sheared two tornado, made rotten pine. must take 
every possible precaution give strength, making the bridge wide 
enough and not too high proportion width, and then—trust 
Providence that the tornado will somewhere else. 

For wood floor, that described Professor Waddell good; but 
the time will come, hope, when steel bridge without steel 
plates and gravel filling, will looked upon imperfect structure, 
except long spans where reduction speed generally takes place. 
The assumption that alive load twice destructive dead load 
safe one, and should not changed until get more light upon 
the subject. Engineers, calling for tenders, would better, instead 
giving formula, work out the results, and give the maximum 
allowable strain upon each part the bridge detail, much for 
top chords, much for end posts, etc., etc. There would mis- 
understanding then. agree with all the writer says about the propor- 
tioning plate girders. 

General Details Construction.—The best rule know 
connect the chords, posts and diagonals with pins, and rivet all other 
connections. Also spans less than 150 feet, rivet all 
The weak point most bridges the riveting floor beams posts. 
This should carefully looked to, see that the maximum shear not 
exceeded. This very interesting and suggestive paper, and 
hoped that will the means calling forth much infor- 
mation the form discussion, those actively engaged designing 
bridges. 

Am. Soc. E.—The writer has been accus- 
tomed for number years compute bridges for uniform load, 
together with locomotive excess, believing that such assumed load 
will give results that are practically correct those which may 
obtained the use actual wheel loads. paper which 
presented this Society 1887,* referred this matter, and 
advanced favor the use uniform loads, almost identically the 
same reasons which are now urged with such force Mr. Waddell. 
the same time, Mr. Waddell exaggerates very much the labor 
involved computing with the actual loads, and his remarks this 
point will not concurred many engineers experience, who 
have discovered the short cuts and simplifications that are possible 
the use the moment diagram. For instance, page this 
paper, Mr. Waddell says: ‘‘A strong point that can raised favor 
using equivalent uniformly distributed loads for finding bending 
moments plate girder spans, that the ordinary engine diagram 


“On the Calculation the Stresses Bridges for the Actual Concentrated 
Transactions Am. Soc, C. E., July, 1887. 
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cannot employed, for the teason that the greatest bending will 
always occur when some the wheels the head the train have passed 
off the span. consequence, one would either need have hand 
moment diagram with each wheel turn for each standard load- 
ing, would have discard all diagrams and make special investiga- 
tion moments for each case arises.” Mr. Waddell has fallen into 
error here, for some the forward wheels pass the span, this fact 
may allowed for very simple and expeditious manner, and the ad- 
vantageous use the moment diagram not the least interfered 
with. The principal argument favor using uniform loads with 
locomotive excess, seems me, that simpler; and that prop- 
erly choosing the loads, the results will practically correct those 
obtained with system concentrated loads. The use, however, 
concentrated load system involving wheel spacings with fractions 
inch, totally unnecessary waste labor, and cannot too strongly 
objected to. Most engineers will cordially agree with Mr. Waddell upon 
this point. 

Mr. remarks upon the subject wind pressure are interest- 
ing and valuable. doubt the actual amount wind pressure which 
bridges are subjected very uncertain, but this excuse for neglect- 
ing compute and take due account all the effects, having once 
decided what pressure per square foot allow for. 

The writer cannot agree with Mr. Waddell his unqualified con- 
demnation double system riveted trusses. The general principle 
ble determinate, undoubtedly sound, and will conceded most 
American engineers. structure, however, not even the pin bridge 
with one web system, perfectly determinate, account the 
continuity the top chord, the friction the pins, and other cir- 
cumstances; and when, riveted truss, the joints are firmly 
connected, and both chords are continuous, the amount uncer- 
tainty the stresses quite considerable, and the secondary stresses 
very appreciable. Under these circumstances, which are well under- 
stood; the additional uncertainty introduced using two systems in- 
stead one, small comparison, and the advantages the double 
system certainly deserve consideration. These advantages are princi- 
pally the simplification the details the connections—an advantage 
which will fully appreciated any one who has attempted design 
single system riveted truss considerable span, and the further fact 
that the destruction one web member the truss does not necessarily 
mean the collapse the span. The terms and ‘‘un- 
founded will have applied Mr. Waddell’s claims favor 
the single system truss and his unqualified condemnation anything 
else, until advances arguments and facts instead simple state- 
ments favor his position. While most engineers will probably 
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prefer single system riveted trusses general, they will admit that the 
use double systems under certain circumstances not without jus- 
tification. 

Neither can the writer agree with Mr. Waddell his unqualified con- 
demnation suspended floor beams. The arguments both sides this 
question deserve consideration; and objected that suspended floor 
beams lack rigidity, may replied that this objection may frequently 
overcome, while the method riveting the floor beams the posts 
introduces objectionable features which cannot remedied, namely, the 
bending the posts, the twisting the chords, and the consequent un- 
equal distribution stress upon the diagonal bars, the inside bars any 
one diagonal carrying greater load than the outside bars. Added this 
the fact that the upper rivets the floor beam connection are exposed 
tension. Mr. Waddell considers that these objections are met the 
statement that has never heard the failure rivets this connection, 
may ask him has ever heard any practical disadvantage arising 
from the use properly constructed plate hanger. doubt, sus- 
pended floor beams with adjustable hangers are objectionable, but 
single plate hanger, riveted the floor beam, transfers the load centrally 
the pin, and when combined with proper details with reference the 
lateral bracing, such construction certainly has agreat deal inits favor, 
and not condemned without qualification. 

The matter the stresses eye-bars due their own weight 
interesting and important one, but there not space discuss 
thoroughly here. The writer long ago came the conclusion that the 
additional stress due the weight was largely counterbalanced the 
effect the pull the bar acting with lever arm equal the 
The precise condition things may found mathematically. 

Mr. Waddell’s floor system good one, though the writer much 
prefers have the stringers under the rails, and safety stringers outside. 
The distance the inside guard rails from the track rails, where re- 
railing devices are not used, matter regarding which there much 
bad practice; and the writer has seen, some important lines rail- 
road, guard rails within inches the track rails. such 
case they would worse than useless, since wheel could not run be- 
tween the two rails, and even 6-inch space, which would allow wheel 
enter, not sufficient, since the opposite wheel would even then 
cramp the track rail, especially the case narrow-gauged pair 
wheels. With regard the collision posts, the writer must confess that 
doubts their value, and cannot but feel that they may, many 
cases, harm instead good. 

Mr. Waddell apparently considers the formula” for deter- 
mining dimensions, unnecessary and burdensome, yet proposes 
form which principle the same thing. The difficulty which 
encounters considering this matter, appears arise from the fact 
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that does not separate the effect impact from the effect repeated 
stress. The matter repeated stress simply this; load 000 
pounds, applied gradually and once, required break bar, then any 
less load will not break it, applied once, and allowed remain; but 
the load varied between, say, 000 and. 000 pounds, rupture will 
finally occur; the variation from 000 000 pounds, from 
000 pounds zero, rupture will time occur. Now, those who use 
the repeated stress formula believe that each case, for given ratio 
maximum minimum stress, the factor safety should allowed 
the ultimate strength for this same ratio maximum tominimum. That 
say, using the figures simply for illustration, the factor 
safety five, should allow: 
000 pounds per square inch for which max. min. 


These results are unquestioned, although the effect time—both 
during the application the load and between loads—has not, until very 
recently, been carefully studied. Now the effect impact separate 
matter, and the writer can see correct method allowing for this except 
adding certain percentage the live load stress, adding this the 
dead load, and treating the whole this method used, 
all difficulty The percentage added should assumed 
the engineer according sliding scale, using judgment and experience 
default accurate experiments; then the factor safety for dead 
load must decided upon, and used the ultimate strength according 
one the repeated stress formulas, used the elastic limit, suit 
the opinion the designer. Mr. Waddell’s formula will not suit all 
cases, highway well railway bridges, simply because the impact 
different these cases. And, this connection, the importance using 
sliding scale varying the unit stresses, may well again urged. 
Surely unscientific allow 000 pounds per square inch for bot- 
tom flanges flat girders over feet long, and 000 pounds when they 
are under feet long. practice will result giving heavier 
flanges for girder slightly under feet span than for girder slightly 
over feet span. And surely the allowable stress for chords truss 
500 feet long could greater than for chords truss 100 feet long, 
account the difference impact, although Mr. Waddell’s formulas 
the same would allowed both cases. The writer may add here that 
personally believes the use repeated stress formula unnecessary, 
account the fact that load below the elastic limit will produce rup- 
ture sound bar, however often applied. advocates using factor 
safety for dead load, based upon the elastic limit, and allowing for 
impact sliding scale percentages. 

Mr. Waddell advocates the straight line formula for posts, and pro- 
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tests against the use for compression members, claiming that 
involves unnecessary labor. The difference labor between using the 
ordinary formula with that with very slight, and may 
not out place point out the straight line formula, such 


rect formula, though may give results practically close enough. The 
correct principle follow deciding formula for proportioning 
members would seem be, find first the correct form for the for- 
mula, and then determine the constants according the results 
experiments on.materials. These constants will subject modifica- 
tion our knowledge the strength materials increases, but the 
formula will retain the same form. use formula whose form in- 
correct step towards empirical and rule-of-thumb methods, which 
Mr. Waddell and many others who advocate the straight line formula 
would general quick deprecate. 

strut exposed, any cross-section, uniform compression 
over the entire area, equal and bending moment due 
the fact that the strut deflects and the load does not act along the axis, 
this axis being curved. The maximum fiber stress will the sum 


the compression and the bending stress, which last may call 
Then, 


and must equal the allowable stress per square inch. Then have, 


the straight line formula, 


The reason why this formula incorrect form that the term 
made constant, and independent the load That say, the 
fiber stress, bending, produced the load independent 


that load, obviously absurd statement. the usual formula with 
2 


Then obtain, 


| 
| 
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The only argument that can advanced favor the straight line 
formula that slightly simpler. more accurate, and not 
reliable when applied cases beyond the range actual experiment, 
because its incorrect form, and there appears the writer the 
whole justification for its use. 

Mr. Waddell’s formula for wind struts appears proposed because 


most cases empirical rules will make unnecessary use it, and for- 


other cases ‘‘just what the computer needs.” Surely, 
method, and due consideration the proper factor safety, should 


rule deciding upon even formula for wind struts. regards the. 


proportioning inclined end posts for bending, due wind pressure, 
certainly incorrect assume that the post hinged its 
end, and that the moment any point that due the total wind 
reaction acting the foot the post. Whether correct assume 


the post absolutely fixed the bottom will depend upon the ratio. 


between the wind pressure and the vertical load upon the bridge but 


most cases is, the writer’s opinion, much more nearly correct to. 


assume the end fixed than assume hinged. The writer cordially 


agrees with Mr. Waddell’s remarks allowing, plate girders, for- 
the bending borne the web. One point, however, Mr. Waddell does. 


not refer to, namely, that where the web not considered resisting 
bending, the web splices are proportioned for the shear simply, and the 


number rivets such splices often small render certain. 


that those near the top and bottom are much overstrained the bending. 


the writer’s opinion, every web splice should have two rows rivets. 


each side, the rivets spaced about inches apart vertically each. 
row. 


Mr. Waddell’s paper abounds sensible remarks, which have not. 
been referred to, and the principal points selected for discussion have. 


naturally been those which the views differ from his. 
Am. Soc. E.—The use equivalent uniform 


loads place wheel concentration for the calculation the stresses. 
bridge members would undoubtedly greatly lessen the labor bridge. 


computations, and, Mr. Waddell points out, give results differing but 


slightly from those obtained the method wheel loads. would be. 
very much favor any plan having for its object the abolition the. 


various so-called standard engine loads, and the substitution uniform 
loads equivalent some such series wheel concentrations proposed 


the author. However, any uniform system loading could 


agreed upon engineers, whether uniform loads engine concentra- 


tions adopted, great step forward would made, and the styles. 


and proportions bridges and general details construction might 
safely left individual preference. 


imagine that substantial agreement among engineers can only be- 


obtained upon the following points, 


| 
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First.—The loads which structures should subjected. 

Second.—Intensities working stresses. 

Third.—Kind and quality material. 

With these points definitely settled and adopted, partial uniformity 
detailing might time brought about, although probable that 
personal bias and differences shop practice will continue largely in- 
such matters. 

The loads prepared Mr. Waddell seem suitable, and would sug- 
gest change. Although the author has developed set working 
stresses, fail find his paper statement the ultimate strength 
and other physical data concerning the material proposed for general use, 
and consequence the formulas could not well criticised. 
judgment all specifications should contain requirements, stating under 
what conditions both iron and steel could used, leaving the engin- 
eer determine which would the more suitable any given case. 
The author leans very strongly toward steel, and perhaps with reason; 
but would not inclined accept, does, the drift test indi- 
cating where steel could substituted for iron. quality steel that 
could subjected thin sheets any sort rough usage without 
perceptible injury, would probably have its strength seriously im- 
paired treated the same way, the thickness being increased the 
maximum the rolls. When steel used lieu iron, addition 
the general physical and chemical requirements, the specifications 
should, opinion, contain clause limiting the maximum thickness 
metal. 

Cart Am. Soc, E.—The question minimum thick- 
ness metal bridge work important, and from own experience 
would strongly advocate three-eighths inch throughout, Mr. Wad- 
dell willing stop five-sixteenths inch, except where the metal 
very much exposed the smoke locomotives, for horizontal plates 
that not drain the water off readily; therefore concedes that 
minimum thickness three-eighths inch desirable wherever 
smoke rust likely act the material. most cases 
impossible say beforehand which particular portion bridge will 
will not exposed abuse. could sure that the metal work 
bridges would receive the proper care, regularly cleaned, scraped 
and painted, the case would different; but the fact is, that after com- 
pletion bridge careful attention its proper maintenance, year 
after year, the exception, not the rule. There are besides every 
bridge some joints which are hard reach the painter. Right here 
might the proper place call attention one feature our pin- 
connected bridges which they are disadvantage compared with 
riveted structures. pin joint have number members— 
bar heads, ends posts, chord sections, are close each 
other without being tight together; too close allow painting and not 
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. 


DISCUSSION RAILWAY BRIDGE DESIGNING. 125 


sufficiently close prevent rusting. some bridges these interstices 
have been filled with impervious material, ninety-nine cases out 
hundred this not done. The use packing rings for this reason 
also objectionable, they prevent painting the pins, without being 
water-tight enclosures. 

far the additional cost concerned, the following argument 
seems very forcible: Any company corporation municipality 
(for include highway bridges well) which able and willing keep 
bridge good condition, also able and willing incur the small 
extra expense implied the three-eighth inch limit; where, however, 
the available funds for new bridge are limited, doubly im- 
portant for the engineer insist the same, then more than 
likely that the bridge after completion will not receive the necessary 
attention. For the above reasons, and taking also consideration the 
effect handling the material the shop and during shipping and 
erection, and the slight increase the cost, are justified insisting 
work, 

Gustav Am. Soc. E.—With increasing experience 
the disagreement among experts the subject uniform live loads, 
vice engine concentrations, will probably disappear. Mr. Waddell 
makes timely and effective appeal for simplification the computa- 
tion stresses bridges, and wish endorse the reasons gives 
this point. own practice, not otherwise obliged, have for 
years used uniform live load expressed certain number 
pounds per lineal foot, according the class bridge required, and 
addition concentrated load rolled over the entire span. instance, 
for heavy railroad bridge, assume rolling load 000 pounds per 
lineal foot, and one additional concentrated load 000 pounds one 
axle, and the combination these stresses would give the maximum 
strains from live load, including the effect impact. For lighter 
structures use 3500 and pounds respectively, and for the 
lightest railroad bridges normal gauge 000 and pounds re- 
spectively. assumptions give much heavier loads for short spans. 
This isas should be. Although assume static conditions load- 
ing, the swiftly moving loads the rate feet per second 
cannot without dynamic effects, which have present means 
estimating. They are more severe short spans, but the above load 
assumptions give safe and durable structures. 

While highly desirable the study bridge strains have 
clear conception the action engine wheel loads, and that the com- 
puter disciplined the calculation their effects, the practic- 
ing bridge engineer may well dispense with time and energy wasting 
methods, which wise furnish safer results the dimensioning 
bridge. one thing have the mathematical ability analyze 
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strains with great accuracy necessary, and another thing have the 
good judgment avoid unnecessary work, when simpler methods give 
results just reliable, more easily comprehended, freer from possible 
mistakes calculation, easier checking, and more promising 
agreement different computers the competition for work. Besides, 
the assumption engine concentrations not even true representing 
the actual facts, since the load from the wheels distributed through 
stiff rails and through the ties upon the stringers and floor beams 
more less uncertain manner. The wheel loads, the time they have 
reached the stringers and floor beams, are distributed, and are not the 
single loads assumed rest knife edges, and time moving 
the rate possibly feet per second. with Mr. Waddell, 
that such nice methods contrasted with the great variations unit 
strains, resemble very much the gnat and swallowing 
camel.” When this better understood railroad engineers who 
order bridges, the method computation engine concentrations will 
practice become obsolete. 

Wind Pressure.—I should like add Mr. Waddell’s remarks 
this subject, that the lateral bracing the bridge more often and 
more severely strained the lateral blows from swiftly moving engines 
and cars, causing lateral vibration, than from the wind itself. Wind 
force acting the bridge through elastic medium cannot said 
cause impact strains, but the lateral bracing nevertheless subject 
the impact strains from railroad trains, causing violent lateral vibration. 
have experiments the force such lateral blows from trains, 
but they are comparatively severe will not disputed any one 
who has had the experience standing bridge with fast train 
rolling over it. the proportioning bracing for wind strains, 
probably one the rarest things the lateral deflection 
resulting therefrom. would show that most bridges spans over 
100 feet would deflect sideways several inches. The difficulty making 
proper connections for the lateral bracing pin connected bridge, has 
also not yet been satisfactorily solved. general rule, the bracing 
ought made rigid members, taking compression well ten- 
sion, and thoroughly connecting and riveting with the stringers and 
floor beams add its rigidity. 

Regarding ‘‘Group C,” namely, ‘‘The Styles and Proportions 
Bridges,” the observations Mr. Waddell point out the advantages 
and disadvantages certain types, although the improvements made 
this respect cannot yet regarded final. Formerly the bottom 
chord framed trusses was made eye-bars from end end; for 
short spans these members were very light, and great many bridges 
exist 100-foot spans with six light eye-bars the middle panels 
the trusses. After while the end panels were made stiffened eye- 
bars riveted members, and several notable instances about one- 
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quarter the length the bottom chord each end was made rigid 
members, and there observable general tendency use heavier eye- 
bars, fewer them and heavier pins. larger spans this tendency 
may carried greater extent than now the practice. obvious 
that would better have two eye-bars, inches, than six 
eye-bars inches. The former would require heavier pins, but 
would permit more satisfactory details the connections, the strains 
would concentrated bulkier and stiffer members, the surface for 
rusting would very much reduced. Long vibrating diagonals should 
avoided, and important bridge structures, all eye-bar diagonals 
should stiffened bracing between them. 

The time fast approaching when buckle-plate floors with stone 
ballast will used place the present floor system consisting 
oak ties and wooden guard rails. The buckle-plate floor and stone 
ballast need not weigh more than the oak ties and wooden guard rails. 
would add greatly the lateral rigidity the bridge, the gravel 
top taking the noise out the structure. The rails could 
iron troughs effectually prevent derailment. devices and 
collision piles near the end the bridge should added effectual 
protection against failure derailment. 

the subject Working Stresses,” which 
Mr. Waddell’s paper, agreement may not easily 
reached. Mr. Waddell maintains that mild steel will the future 
used exclusively for all metal railway bridges, because practically 
cheap wrought iron and fully as, more reliable. this respect. 
the bridge engineer dependent the progress the metallurgical 
arts making wrought iron and steel. The improvements the last. 
ten years were altogether the manufacture steel, and none 
that wrought iron, which still made the old laborious and costly 
process hand puddling. But the time does not seem far distant 
when wrought iron will made some improved metallurgical 
process larger masses and deal cheapened cost, and would 
not difficult now predict whether wrought iron mild steel 
that case would more largely used. the use steel for structural 
purposes, the preponderance that made the open 
hearth process against the Bessemer made steel. mild steels 
will probably always used for plates and for heavy members made 
large single pieces metal. 

Mr. Waddell speaks fatigue metal and the wearing effect 
oft-repeated loads. believe that based tests which have 
relation the nature strains bridge. Particularly the theory 
fatigue metal seems more romantic than true. bridges 
were built overstrained, could with some show reason speak 
physical changes likely result from the overstraining metal. 
But cannot see how metal can fatigued, any way affected 
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strains far within the elastic limit. There far not the slightest 
evidence for it. With ample allowance for impact certain bridge 
members, believe that uniform unit strains can safely used through- 
out for members ordinary spans and modified, respectively, for tension 
for compression. simplifies the method dimensioning 
much. All compression members bridge should assumed pin 
bearing both ends, because practice the conditions for fixed end 
bearings cannot realized with certainty. The formula for com- 
pression, based the equation straight line, all sufficient for 
bridge work, most practicing engineers will acknowledge. 

firmly believe, that ever breaking tests were made with full sized 
pin connected trusses, failure would result from the collapse the 
compression members long before any tension member would fail. 
other words, the factor safety (to use this convenient incorrect 
term) would found less compression members than the 
tension members. This ought caution not beyond mod- 


erate ratio should not exceed 50. always seemed me, 


that many the high trestle viaducts, the long slender columns are 
meagre safety, although may show theoretical justification for 
scantily dimensioning these structures. are taking chances, 
perhaps not big chances, but still chances, that not take with 
tension members. slight lateral force from wind, from flying tree 
branch, slight defects riveting the composite pieces col- 
may reduce the safety such member far beyond what cal- 
culated for. For this reason should, mentioned before, make 


rule use low ratio possible. regard other unit 


strains, the designer will find necessary and proper longer span 
bridges, say over 400 feet, deviate from hard and fast rules dimen- 
sioning and exercise his best judgment for the sake economizing 
metal. The difference between members having sustain large dead 
load strains, and others with such strains; between members with 
cumulative strains and members subject sudden strains, cannot 
expressed any arbitrary rule formula for dimensioning. 
larger structures necessary discriminate and use skilled judg- 
ment for that purpose. this, well the designing details 
and connections, the aptitude the best designers will gradually bring 
about certain uniform practice which present does not exist, 
although are approaching it. 

Am. Soc. E.—Mr. Waddell’s adverse criti- 
cism the use engine concentrations the calculation stresses 
bridge trusses is, think, well grounded. The amount labor involved 
the determination stresses, with the almost infinite number dif- 
ferent sets concentrations and wheel spacings which are used the 
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formation the diagrams usually prescribed railroad engineers for 
the governing their bridge designs, iscertainly most excessive for even 
the best computers, except, possibly, now and then one with most 
rare mental equipment. Even this requirement excessive labor might 
borne with some patience and equanimity, the resulting computa- 
tions were entitled any greater degree confidence; but matter 
fact, every engineer knows that locomotive concentrations and wheel 
spacings for the engines actually constructed upon any one given road 
will vary from season season, even perhaps the same season; 
hence any standard engine set standard engines prescribed 
with wheel weights the pound and wheel concentrations the hun- 
dredth foot, almost certainty that locomotive will ever pass 
over that road and produce the same stresses that shown with such 
éxtraordinary accuracy the specifications. extremely probable 
that within short time after the issue the specifications the load 
shown will considerably exceeded, and just why stresses which are 
absolutely certain considerably error should computed with 
such distressing accuracy, not very clear. 

Again, were among the possibilities that the bridges any road 
should carry precisely the locomotives prescribed the specifications, 
absolute certainty that the variations track conditions from 
one portion season another portion the same season, under the 
rapid passage trains, will produce vastly greater variations, from the 
stresses accurately demanded, than those computed from simple 
uniform load from the latter, headed single concentration. 
Again, the sections members designed meet the requirements 
given stress diagram are never mathematically equal the total stresses 
divided the unit stress; the slightest consequence that 
they vary; and not infrequent that the percentages such 
variations are considerably greater than the variations stresses due 
uniform load from those produced concentrations. there- 
fore most unreasonable and most unscientific that such refined and 
determined efforts should made secure extraordinary accuracy 
one direction, only completely obliterated and displaced very 
considerable but absolutely unavoidable errors inconsistencies other 
directions. 

hoped that the observations Mr. Waddell will induce 
engineers give this matter bridge loading that thorough and com- 
mon sense treatment which has never yet received, and without which 
numbers long-suffering bridge companies’ offices have endured untold 
torments excessive computation. Nothing gained this fig- 
ment ridiculous refinement; fact, much gained its rele- 
gation obscurity. memory will always preserved for 
its admirers the awe-inspiring literature which Mr. Waddell has 
pointed out, and which has been written show what splendid mathe- 


130 DISCUSSION RAILWAY BRIDGE DESIGNING. 


matical gymnastics can performed its treatment. But can 
confidently asserted that single structure has ever been made shade 
better for its purpose, more creditable its design the use the 
method. 

not concur with Mr. Waddell his suggestion displacing this 
over-refinement what seems another almost not quite 
bad. equivalent uniform loads are used, then some estab- 
lished position condition the engine concentrations must as- 
sumed reference the trusses which they are applied, and 
the load equivalent them thus placed found; else there will 
numberless equivalent uniform loads determined for each locomo- 
tive system. matter fact, there such thing equivalent 
uniform load for given system locomotive concentrations followed 
uniform train load. Every position the latter load for every dif- 
ferent shear and every different chord stress given structure has its 
corresponding load; thatis, such uniform load will produce the same 
shear the same bending moment the system engine concentra- 
tions for the position question. true, Mr. Waddell observes, 
that such equivalent uniform load may found will make all the 
truss stresses fora given bridge vary not more than per cent. 
from those caused the concentrated load, but simple’ uniform load 
with single weight its head equivalent the engine excess ex- 
cesses, will produce system stresses with least the same degree 
accuracy, and will thus avoid the tedious computation equivalent 
uniform load. 

see reason why Mr. Waddell should not one step further and 
abolish the equivalent uniform load the same time that relegates 
the engine concentrations uselessness. The engine engines which 
are taken the head any moving load will give certain 
excess over equivalent length uniform train load. this ex- 
cess, considered single weight, placed the center gravity 
the locomotive locomotives, the resulting truss stresses will essen- 
tially identical with those caused the actual prescribed locomotives 
andtrain. instead taking the trouble find computation 
the center gravity the locomotive locomotives, place this ex- 
cess weight the head the train, shall make very 
slight error only the side safety for all the web members, and 
equally small error also the side safety for the chord members, 
place the uniform load over the whole bridge and then place the sin- 
gle weight succession all the panel points the span. say place 
this excess the panel points the span,” for the reason that 
all cases the locomotives ought preceded and followed the uni- 
form train load, although this not often done. not done, 
actual condition loading ignored, and the resulting error the 
side danger. 
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All the computations required for the truss stresses with such uni- 
form load and single excess, here advocated, involve only the 
simplest possible stress computations, which can done with great 
rapidity any one who has even slight knowledge the rudiments 
only the theory. rational and scientific that the locomotive 
excess recognized and provided for its proper position the 
same time, every possible degree accuracy which can attained 
any system computation also secured. Finally, avoids entirely 
the necessity computing the purely imaginary quantity called the 
uniform there any valid objection the uni- 
form load with single excess found the manner indicated, have not 
yet been able discover it, and have never heard advanced. 

the preceding discussion have confined myself truss stresses 
only, seems that system concentrations should pro- 
vided for the design the stringers and floor beams railway bridge. 
not helieve necessary prescribe actual locomotive diagrams 
for such purpose, although even such diagram does not involve 
unreasonable amonnt labor for the purposes the short plate girders 
railway bridge floor system. say that the essential pur- 
poses any system locomotive concentrations can secured aset 
weights, three four number, the case may be, which, while 
arbitrary certain extent, can made easily equivalent the gen- 
eral type locomotives use any given road. not, however, 
consider this feature very importantone. The 
calculations involved for floor system under any system locomotive 
concentrations, may considered too small amount merit any 
very serious discussion. would simply render complete any simplifi- 
cation for bridge loads using some such arbitrary system weights 
have just indicated. 

heartily endorse all that Mr. Waddell states regard the use 
steel. Whether will the material used all bridge spans, 
both short and long, simply question cost. Whenever short 
span steel bridge can produced the same less cost than one 
wrought iron, the steel will certainly displace the latter. Iam aware 
that confidence the use steel not shared many members 
the Society, but forced convictions experience with 
the metal. have frequently subjected steel plates and rivets almost 
every conceivable manner abuse hammering blue heat and when 
cold, with the invariable result increasing confidence and re- 
spect for the metal. now speaking steel with ultimate 
resistance not over 000 pounds per square inch, produced the 
open hearth process, and with phosphorus not more than about six 
seven hundredths per cent. true that have seen counter-sunk 
heads torn off very dull flogging chisel under the blows heavy 
sledges, but have also seen.the best wrought iron rivets torn off the 
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same way with considerably less number blows from the same 
sledges. 

The processes for producing structural steel are now completely 
under control that may produced with the same uniformity as, 
greater than, that wrought iron, the same shapes bars. The 
effects that are liable produced the various stages shop pro- 
cesses, and their influences, are well understood the present time 
that know reason why steel members should suffer under them 
any more than those and numberless experiments upon 
the effect punching, have shown that structural steel the grade de- 
scribed less injured than the best wrought iron used for structural 
purposes. Itis true that cracks must guarded against, for when once 
started, they receive further attention, their limits are indetermin- 
ate but quite true that process shearing punching with 
tools anything like respectable condition will start such cracks, and 
not any means difficult discover them, even when ‘punching 
shearing abuse has brought one into existence. 

the miscellaneous exigencies railway and machinery practice 
has been found that when metal demanded that shall possess the 
longest life under the most severe loading and use, wrought iron must 
displaced and steel used and the results experience have con- 
vinced that resort may wisely made the same material proper 
grade bridge construction. the so-called mysterious fractures 
which occur wrought iron, and the best grades that material, 
were much talked about and thoroughly written those occa- 
sional ones steel, have doubt that general confidence the latter 
material would much less impaired than present. have 
known many failures wrought iron members for various purposes 
which certainly ought put the same category those so-called 
mysterious steel, that think fibrous wrought iron must 
classed least uncertain homogeneous steel. matters little 
whether from the producer the puddling furnace, the finished 
bridge member, steel iron requires the greater amount inspection 
either case only the most ordinary and reasonable scrutiny required. 

The subject permissible working stresses for steel one which 
can properly covered within the limits this discussion; 
but would say approximately that for the grade structural steel 
under consideration, the working stresses should not more than 
per cent. excess those for wrought iron. views wind 
pressure and resulting stresses taken Mr. Waddell strike being 
little too severe. Strictly speaking, know actually nothing the 
quantitative characteristics wind pressure large surfaces, but 
have every reason believe that they are much less than ordinarily as- 
sumed bridge specifications. The only possible exception this 
statement that the pressure the most intense cyclones and 
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even such cases the highest pressures probably not cover more 
than portion the surface enclosed the outline truss 500 feet 
length. 

think the suggestion stiffen the two lower chord end panels 
each end span, one that should followed; but not believe 
correct consider post the computation portal stresses 
resting upon pin its lower end. may not be, and probably 
column. believe much nearer the former than the latter, and 
would consider all cases, being sufficiently close approxima- 
tion. believe also that long the wind stresses the lower chords 
bridges not exceed three-eighths those caused the fixed and 
moving load, they may neglected. computing these stresses, how- 
ever, for the reasons already given, does not seem essential 
consider the transferred truss and moving loads, either for the stringers 
the lower chords. The ordinary method designing stringers and 
floor beams, gives sufficient margin safety over and above the nom- 
inal working stresses provide for any excess due transferred loads 
from wind pressures; and although the method not strictly scientific, 
involves appreciable waste metal, sufficiently near for practi- 
cal purposes and avoids useless refinement and complication. Regard- 
ing the wind loads the upper chords trusses, can see improve- 
ment over considering them carried the upper lateral bracing directly 
the portals, and through the portal posts the wall plates. 

Am. Soc. E.—The title Mr. Waddell’s paper 
somewhat misnomer, inasmuch many the points considered 
are not disputed. intend, only discussion, briefly state own 
opinion regarding few those points upon which not agree with 
him. The question using live loads, considered uni- 
formly distributed, might, some cases, simplify computations; and 
might not objectionable were sure that the computation 
stresses would always performed competent men, who would care- 
fully watch all changes distribution live loads and estimate the 
proper uniform equivalents. But much the success which has 
attended American bridge engineering, has been due men who were 
willing devote the labor necessary following through, detail, 
the stresses produced the various distributions the live loads; and 
will unfortunate condition which shall drive such men from 
this work, until have arrived more permanence the various 
classes loads, and has reached point which further 
improvement not needed. That point not yet sight, and more 
hard work will necessary before reach it. When Mr. Waddell 
comes the subject wind appears have adopted 
more complex treatment. Here are dealing with force whose effect 
upon surfaces large extent have means accurately gauging, 
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and difficult see how suitable gauge can constructed. But 
safe assume that rules regarding which have proved safe during 
the years that they have been use, will continue the future. 

the styles and proportions bridges, there are several forms 
truss which have given good results. The riveted lattice can made 
very efficient, and its construction there appears objection 
multiple triangulation. The Pratt truss, with vertical intermediate 
and inclined end posts, has undoubtedly met with the greatest favor for 
railroad bridges. gives reasonable simplicity construction and 
promptness erection. arranging the trusses preference for 
single triangulation, and, within reasonable limits, use long panels 
the length and depth span and proper inclination the diagonals 
will allow. this connection does not appear clear why Mr. 
Waddell proposes increase the width the body the lower chord 
eye-bar, increases the length the panel. increased 
necessary use larger bars avoid too great length, proportion 
diameter, pin. But there economy attempting make the 
bar act beam sustaining its own weight. The nearer can come 
assuming the catenary due its own weight and the tensile stress 
upon it, without acting beam, the better. Stiff lateral diagonals 
doubtless give greater lateral rigidity the track floor, and secured 
the lower flanges the track stringers where they intersect them, are 
economical. desirable, far possible, have the lines the 
diagonals pass through the intersections the axes posts and chords. 
But difficult accomplish this where eye-bar chords are used— 
practically, apparently impossible. Stiff riveted-up chords 
lend themselves this purpose more readily, and spans 175 
feet, where often the end panel and that next are made stiff, 
might well consider the advisability making the chord stiff 
throughout. 

The suspending the floor beams iron truss bridges under the 
lower chord objectionable generally, though the case draw- 
bridges has the advantage allowing the lower chords have nearly 
great exposure the direct rays the sun the upper, and thus, 
measure, preventing the diurnal fluctuations the elevations 
theends. Thespaces between center lines iron steel track stringers 
important. too near together, they are not only dangerous case 
derailment, but the rolling tendency the locomotive when laboring, 
and the cars from wind pressure, subjects them greater stress 
than often taken into account. own practice place them 
feet apart. Regarding their fastening the beams, have never known 
any get loose when secured the beam webs the usual manner 
with sufficient number rivets. the stringers have sufficient 
depth, the curvature their will not exceed that the span 
sufficiently produce any serious stress upon the connecting angles. 
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re-enforcing the upper flanges transverse beams, where the 
tops the stringers are below the tops the beams, sometimes 
used piece channel with trough side up, and its web riveted the 
beam flange, instead cover plate, and laid piece timber the 
trough, with its upper surface level with that the cross-ties. This 
gives less thickness rivet through, gives greater lateral stiffness the 
flange, and permits leaving space between the beam and the nearest 
cross-tie each side. 

The intensity unit stresses important one. would still 
more had arrived maximum intensity live load, but 
present small unit stress for the live load appears desirable, for the 
reason that may reasonably anticipate that increasing intensity the 
live loading will make its unit stress large enough the near future; 
and can deceive ourselves into the belief that very small unit 
stress for the live load proportion that for the dead load neces- 
sary, our bridges will last the longer for it. 

All these questions are interesting, and many 
look forward continued growth knowledge regarding them, that 
cannot hoping that their final settlement for all time may 
not near the final clause Mr. Waddell’s paper appears 
indicate. 

Am. Soc. E.—It would seem that Mr. Waddell 
has made out satisfactory case against the further use wheel load 
systems the designing simple railway truss bridges. Although the 
technical schools have any way been responsible for the introduc- 
tion these laborious methods, they have tried faithfully adapt the 
instruction this branch engineering the requirements actual 
shop practice, and are therefore largely responsible for the great 
elaboration many the details and graphical expedients which now 
are recognized essential features them. The professors these 
schools will, however, welcome return shorter and simpler processes 
they can shown give satisfactory results. The two years which 
our engineering schools can give imparting strictly professional 
instruction should reserved, far possible, for the teaching 
principles, and little time given methods consistent with 
fair degree efficiency field and office graduation. 

entire abandonment the concentrated wheel-loads processes 
would result considerable saving time, which might more prof- 
itably spent the further study principles. has been the writer’s 
custom prove theoretically his classes that uniform loading 
taken, giving the same bending moment the wheel loads the 
point,” the joint nearest this point, the resulting 
stresses all members will very closely approximate those from the 
actual wheel loads moved across the bridge. Mr. Waddell’s table 
page further proof this fact. Omitting his 100-foottruss span, 
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four panel lengths, being too short for such comparison 
methods, but taking his other lengths 300 feet, have: 


! 
Span, Span, Span, Span. 
Unit load at quarter point.............+.+ .| 3214 | 3120 3107 3094 


Percentage of per cent, 1,0 per cont per cent. 0.3 per cent. 


would appear, therefore, that the quarter point” might well 

taken the point which compute equivalent uniform load, 
giving the same bending moment the maximum moment from con- 
centrated wheel The equivalent uniform load per foot for 
this position 


where moment the exact quarter point for wheel loads. 
This equation used where the number panels multiple four. 

the quarter point does not fall panel point, when the 
number panels not multiple four, then take the nearest panel 
point, preferably that one towards the center from the quarter point, 
and use the following equation: 
where equivalent uniform load per foot. 

number the panel point taken, counting from the 
near end and calling the end support zero. 
M,, maximum moment the mth joint for the concentrated 
wheel loads. 
panel length feet. 

Equation (2) reduces the form given (1) when multiple 
four. 

Floor Beam Concentrations.—Mr. Waddell seems have never read 
Professor Swain’s paper Bridges” the Transactions 
Am. Soc. E., Vol. XVII, where, page 37, the methods finding 
floor-beam concentrations from the equivalent uniform loads, redis- 
covered Mr. Waddell, fully explained. 

Fiber Stress Eye-bars from their own Weight.—Mr. Waddell, 
common with many other bridge engineers, opposes the use long 
shallow bars because the unknown fiber stresses caused the dead 
weight the bar. This interesting question, and far the 
writer aware has not been investigated. eye-bar pulled 
its working limit, still bent downwards the full force 
gravity upon it. But when sags from straight line, the pull the 
bar, well the bending stresses, tend hold straight. There are, 
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therefore, two external forces acting the bar, one tending deflect 
and the other tending hold straight. The residual bending moment 
held equilibrium the resulting moment resistance the bar. 
section taken the center the bar, have— 
where weight bar per inch. 
total pull bar. 
fiber stress due this 
But 
2 
whence have— 


700 


2 
p + 22 400 000 J (4) 


If, this equation, the first differential co-efficient with respect 


put equal zero, obtain, for the depth bar giving maxi- 
mum fiber stresses— 


this value substituted Equation (4) have, for the maxi- 
mum fiber stresses for those depths given Equation (5)— 
500/ 
From Equations (5) and (6) the following table depths giving maxi- 
mum fiber stresses, and the corresponding stresses per square inch 
the extreme fiber, due bending only, has been computed: 


LENGTH oF EYE-BARS IN FEET, 


Working | 
Tensile 
in pounds) 
a = a = i=) 
Lbs.,, Lbs., | Lbs., Lbs., Lbs,, Lbs., 
In, |Sq. Ins.) In, |Sq. Ins,| In, Sq. Ins.| In. Ins.| In. |Sq. Ins,| In. |Sq.Ins, 
8000 | 3.4) 1010 | 4.5) 1340) 5.7) 1680 | 6.8; 2020 8.0 2 350 9.1 | 2690 
10000 | 3.8) 900 | 5.1) 1200/ 6.3) 1600 7.6) 1800 8.9 2100 10.1 | 2400 
12 000 4.2) 820 | 5.6 1100/| 6.7 1370 | 8.4) 1640 9.7 1920 | 11.1 | 2190 
14 000 4.5 760 | 6.0) 1020/| 7.5, 1270 9.0) 1620 / 10.5 1780 | 12.0 | 2030 
16000 | 4.8 720 | 6.4 96u an 1200 | 9.6) 1440 | 11.3 1680 | 12.9 1920 


\ 
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For other depths, lengths, tensile stresses, use Equation (4). 

From this table evident that the depths producing maximum 
bending fiber stresses common use. Also 
bending stresses the extreme lower fibers, which are added 
the working stresses, are not inconsiderable, but will vary between 
and per cent. the working stresses lengths from 
feet. 

Henry Eppy, E.—This paper move the right direc- 
tion. agreement can secured among bridge experts the 
various points noticed this paper, will, Iam sure, mark distinct 
advance bridge designing. especially interested that part 
the paper which relates computation and the adoption some 
limited list typical loads. the amount and dis- 
tribution the wheel concentrations which bridges shall designed 
carry, wanted those who advocate the employment equivalent 
uniform loads, much not more than those who propose com- 
pute directly from the wheel loads themselves; for the only basis for 
these equivalent loads the amount and distribution wheel concen- 
trations place which they are taken. 

seems that Mr. Waddell’s reference paper based 
upon misconception which desire remove, and the same time 
assist, possible, deciding the question whether computations may 
best based upon assumed wheel concentrations upon so-called equiva- 
lent uniform loads. The sole advantage employing uniform loads 
found, take it, the ease and simplicity computation. The dis- 
advantages are, that the equivalent load only approximately equiva- 
lent, and owing the way found, the degree approximation 
and amount the error are unknown and fact vary from point 
point the span. Furthermore, the magnitude the equivalent load 
varies for given train with the length the span. The general 
opinion present is, that the principal members long span bridges 
can computed satisfactorily from equivalent uniform loads; but 
short spans and stringers and other details long spans, where the 
wheel concentrations exert more preponderating influence, led 
believe that will still continue required that the designer and 
computer shall take account the wheel concentrations, however much 
may dislike the work, however certain may bein his own mind 
that involves unnecessary labor. 

was view probable continued use concentrated loads 
that attempted* explain graphical methods treating such loads, 
methods which think justified saying are simple and 
expeditious that equivalent uniform loads, but which involve 
approximation whatever. have doing this, then the 
whole burden objection urged against employing concentrated loads 


Transactions Am, Soc, E., May, 1890. 
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vanishes. it, computers would gladly use concentrated 
loads case the labor were greater than using uniform loads. 
Now distinctly claim that the methods proposed paper enable 
the computer this, and have only refer corroboration 
those who have tried both methods. Notice, however, that 
not claim all that the algebraic proofs which have given these 
methods are any sense simple expeditious. all candor must 
acknowledge that could wish these were less tedious, and sorry 
that have been unable discover less intricate demonstrations these 
simple and convenient processes. well aware that such demon- 
strations are likely stand the way the ready diffusion knowl- 
edge the methods proposed, for engineer will willing adopt 
methods whose truth not satisfied. trust that more simple 
demonstrations will time found, that the ability read math- 
ematics will become general away with this obstacle. 

The misconception into which think Mr. Waddell has fallen respect- 
ing paper, supposing that the formulas have used were intended 
for computation. Such not the case; they are simply used, most 
them, convince the reader once for all the correctness the pro- 
cess directed use, otherwise they might have been omitted. 
There are, however, certain side developments paper, intended 
specially for those who wish compute the method equivalent 
uniform loads. The developments refer are simple approximate 
formulas for finding equivalent uniform loads, and the approximate 
maximum shears the head train. These formulas derived 
mathematical principles permit for the first time, far 
aware, the very things which Mr. Waddell desires do, and 
some other way than ‘‘cut and try.” may become possible 
gain some idea how closely the results such formula approximate 
those obtained from the concentrations themselves. 

Epwin Am. Soc. fully agree with the. 
author, that the substitution equivalent uniform loads for wheel con- 
centrations bridge calculations great saving labor, and also that 
the results are practically accurate. calculated stresses both ways, 
for hundreds bridges with all the aids calculation that are available, 
and should judge that the time required for the calculation stresses, 
using uniform loads, does not exceed one-tenth the time required 
wheel loads are used; fact, with good slide rule the stresses can 
found, using uniform loads, while one getting ready make start 
with wheel may asked, the results are practically ac- 
curate uniform loads, why not always use them? One reason for not 
doing that engineer naturally has pride having his strain 
sheet conform strictly specifications; but another and the principal 
reason that wheel loads give somewhat less material the chords and 
counters, and under close competition economy necessary. For spans 
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150 feet the difference not very important, but for long spans 
quite considerable. the train load precedes well follows the 
engines, however, which not uncommon, the stresses uniform and 
wheel loads for spans any length, including cantilevers, give results 
almost identical. 

have already previous discussions given views quite fully 
the question uniform versus wheel loads (see Specifiations for 
Strength Iron Bridges,” Joseph Wilson, Am. Soc. E., 1886, 
and Stresses Railway Bridges Curves,” Ward Baldwin, Am. 
Soc. E., 1891), not wish make any repetitions here. finding 
the stresses wheel loads making table equivalent uniform 
loads, the first thing prepare moment table, viz., table 
giving the moment about each wheel all preceding wheels. With such 
moment table hand, matter only two minutes find 
the maximum end shear stringer plate girder, and have never 
felt any great need for table cover this case. would well, 
however, when preparing tables uniform loads corresponding 
maximum moments, make one also corresponding maximum 
shears, and thus dispense with moment tables altogether. The 
method given the author for finding the concentrated load floor 
beams and suspenders using the equivalent load corresponding 
length two panels, not new. has been used extensively 
for eight ten years. example such application may found 
his paper, Transactions Am. Soc. E., May, 1884. 

The author appears have based his equivalent loads for all spans 
upon the maximum bending moment. not think advisable 
this for spans exceeding 100 feet length, for spans greater 
than the longest plate girder used. latticed girder would never 
less forced so, and for trussed spans consider preferable base 
the equivalent load the maximum shear, which case the stress 
end brace and end chord uniform load and wheel loads will 
identical, the stresses center chords and counters being slightly 
excess uniform loads. The results will vary somewhat with the 
number panels used, that preparing table for spans 100 feet 
and upwards would advisable give choice number 
panels, 

the general specifications the Keystone Bridge Company are 
given diagrams and equivalent uniform loads for ten different classes 
engines. For spans feet, the loads correspond maximum 
moments; and for spans feet and upwards, maximum shears. 
Since this table was prepared (1887), some these loads have dropped 
out specifications, and others have come in, and the table could 
profitably revised accordingly; but choice ten different and well 
selected classes loading, appears me, ought satisfy any railway 
company. consider that stresses uniform load 
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really better practice than wheel load; for not only saves nine- 
tenths the calculation, but always safe, and provides, before 
noted, for possible condition loading not usually provided for when 
wheel loads are used. When required make large number esti- 
mates very limited time, all bridge calculators frequently are, 
always use uniforms loads, let the specifications what they may, 
becomes simply matter choice this not bid the work. 
There question, mind, but what uniform loads could 
adopted railway bridge specifications with great profit the bridge 
companies and without injury the railway companies. 

not think the typical live loads proposed the author the best 
selection that could made. would prefer take the actual engines 
and loads use and specified railroad companies far possible, 
say the selections: 

Erie. 2-80.75 ton consolidation engines followed 240 pounds 
per lineal foot. 

2-86.0 ton consolidation engines followed 000 pounds 
per lineal foot. 

St. 2-92.3 ton consolidation engines followed 000 
pounds per lineal foot. 

2-97.75 ton consolidation engines followed 500 pounds 
per lineal foot. 

Penn. ton consolidation engines followed 000 pounds 
per lineal foot. 

pounds per lineal foot. 

pounds per lineal foot. 

Lehigh. ton consolidation engines followed 000 pounds 
per foot. 

1-80.5 ton, 8-wheel engine, 000 pounds drivers, feet 
centers. 

10. Penn. 1-89.0 ton, 8-wheel engine, 000 pounds drivers, feet 

centers. 

Loads 9-10 apply only cross-ties and short spans. 

Railroad companies are not likely change their specified loads un- 
less they find their interest and advantage so; neither they 
care how much work and expense borne bridge company esti- 
mating their work, long they not have the bill pay. For 
these reasons not think probable that the author’s proposed loads 
will adopted any great extent, and not adopted the tables pre- 
pared therefrom would useless. the other hand, tables equiva- 
lent uniform loads, corresponding the engine and train loads above 
given, would very useful all calculators and valuable contribu- 
tion bridge builders, independent any action that may taken 
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the railroad companies; for they could safely and profitably adopted 
the calculators all cases for spans 150 feet; and railroad 
companies would provide (as does Mr. Bouscaren his specifications) 
for train load precede follow the engines, they would 
get better bridge, and calculators would relieved great burden, 
uniform loads can then adopted calculation for spans any 
length. Railroad companies can then continue specify wheel loads 
they prefer so, and all parties will satisfied. 

For wind pressure, believe allowance 150 pounds per 
lineal foot for unloaded chords, and 450 pounds per lineal foot for loaded 
chords for spans 200 feet, ample for ordinary cases. For 
longer spans greater allowance should made, and for special cases 
double decks, high fences, etc., pounds per square foot exposed 
surface, appears sufficient. resist these forces, would 
allow 000 pounds per square inch iron lateral rods. not likely 
that bridge ten thousand ever exposed wind force 
pounds per square foot, one bridge thousand force 
pounds per square foot. Even should exposed force 
greater than pounds, the bottom chords the great majority 
trussed bridges would buckled before the stress the rods reached 
the elastic limit. ideas the wind question are given quite fully 
discussions Paper No. 335, Volume XV, wherein given example 
200-foot span through bridge. this example, the trusses are 
feet inches center center, better designed than the average through 
bridge and far better than the average deck bridge resist wind; yet 
found that force pounds per square foot will buckle the 
second panel the bottom chord; force pounds, the third 
panel; force pounds, the fourth panel; force pounds, the 
fifth panel; and force pounds, the center panel. 

Specifications frequently make excessive provision for wind and 
initial stress, which, observed, leads much waste material. Mr. 
Cooper, who entitled much credit for originality, and whose speci- 
fications bear evidence careful study, makes very wild provision for 
the force wind iron trestles, and any trestle has ever been built 
conform therewith, would glad make note it. Applied 
recent estimate for trestle feet high, with alternate and 37.5 feet 
spans, the bents should have width base feet pre- 
vent tension; or, allowing the usual batter one horizontal six ver- 
tical, the tension will sufficient lift 280 cubic feet masonry—an 
absurd result either case. 

would leave the style bridge the designer, nearly any 
style can made its work well. Plate girders much exceeding 
feet length are troublesome most shops and liable injury 
transportion and erection. Pony truss railroad bridges are not called 
for late years knowledge, and many the old ones have fallen 
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down. They may considered structures the past. prefer 
have floor beams riveted vertical posts through bridges, provided 
the rivets are double shear; but beams suspended plate 
hangers admit good details and quite rigid lateral system. Ido not 
see the force the author’s remarks that, the subdivided Pratt truss, 
rigidity increased and the top chord sections are more perfectly sup- 
ported, sub-strut than sub-tie. prefer the tie for appearance 
sake, though all comparisons made, the strut least expensive, 
stress travels much more direct route the supports. 

the width between centers trusses long span bridges one- 
twentieth the span, the span becomes practically trussed column 
diameters, and the top chord sections (whatever their dimensions) 
should not proportioned for less number diameters. This con- 
sideration alone sufficient govern the width between trusses after 
obtaining the necessary clearances. doubt increase minimum 
clear width feet, would make safer bridge, but rests 
with the railroad companies decide whether the extra safety worth 
the extra cost. prefer space feet between centers track 
stringers. This allows guard rail, cross tie, and stringer con- 
nected conveniently the same bolt; cheaper than any less width, 
and less effect inequality stress produced train oscillation. 
requires heavy timber floor, which advantage and materially 
assists the bottom chord resist reverse stress from wind, and 
have found this needed only pounds per square foot pressure 
specified. 

doubt whether steel will ever used bridge work more ex- 
tensively than now is. There economy reamed steel for 
small trussed spans. Steel the mildest grades less reliable than 
iron. Inthe dropping overturning girders wrecks, careless 
handling, abuse any kind, steel suffers much more severely than 
iron. Steel unquestionably safe under ordinary conditions stress, 
but Ido not believe can ever made the equal iron under all 
conditions. 

remarked the author, the intensities working stresses that 
should used bridge material remains much matter individual 
judgment the part the engineer. The author appears have 
adopted for tension members the fatigue formula Laun- 
hardt, instead providing for impact, and asserts that 


formula involving the factor surely incorrect. 
maximum 


not agree with him. Whether bridge material does does not 
suffer fatigue matter great consequence. All engineers are 
agreed that greater provision should made for live load than for 
dead load, and own opinion that about double provision should 
made; as, for example, consider member subjected constant 
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bridge figured for 500 pounds per square inch. fixed the 
minimum and maximum limits stress, appears reasonable 
draw straight line between them, and let all intermediate values 
min 
found this line; the formula does this and nothing more. 

engineer considers that members subject dead loads should 
allowed only per cent. greater stress than for live load, can use 

min. 

wishes allow per cent. greater stress for dead than for live 


make practice doing. 
These formulas fatigue only small extent. The 


formula 500 for iron tension members appears 


goodenough. Mr. allows 8000 pounds for all live load and 
000 pounds for all dead load, which gives variation from the formula 
per cent. extreme limits and less than this all other points. 
The application Mr. Cooper’s specifications their present form are 
burdensome computers, owing the necessity finding the stress 
for dead and live load separately for each individual member. This 
may avoided, using only maximum stresses, and the same results 
obtained stating the requirements follows: 


live load 
live load 
== 15 — —— 
Plates and shapes. 000 max. load 
live load 
live load 
The above modification will found save considerable labor. 
max. load 


shears; and for chords, from the assumed dead and live load per lineal 
foot. Ifthe views Robinson, Am. Soc. E., regard 
the effects cumulative vibrations accepted facts, all our 
specification will need material revision. The example given the 
author two long duplicate suspension bridges does not sustain his 
point. The formula which will allow stress pounds per 


square inch the first case 000 


which for the second 


4 
1 


a 
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page 144, instead the parentheses, throughout read 


. 


DISCUSSION RAILWAY BRIDGE DESIGNING. 145 


case allows 333 pounds per square inch, practically 000 
pounds allowed the first case, 500 pounds will allowed the 
second, which appears about right. the second case requires 
but nine-tenths much material the first, course the stronger 
under the assumed condition loading. discussion Paper 335, 
Vol. XV, previously mentioned, proposed the following formula for 
the-ultimate strength iron columns: 


these formulas representing nearly mean results all experiments 
recorded and plotted that time. not think there have been 
sufficient number tests made the compressive strength steel 
bridge members upon which base formulas, but assume that for 
short blocks the strength proportion the tensile strength the 
material, and agree with Mr. James Christie, Am. Soc. E., that 


mild medium steel has the same strength iron when 200, 


readily derive the following formulas for steel columns: 

Ultimate strength, 000 000 pounds per square inch 000 
pounds per square inch mean; 

Ultimate strength, 000 000 pounds per square inch 000 
pounds per square inch mean; 


The above formulas both for iron and steel err the side safety 
for very long columns, but the effect the weight the column 
not always considered calculation, this desirable. 

not consider necessary add the section bridge 
members account wind stresses unless they exceed the amount due 
dead and live loads; for not only the bridge very unlikely ever 
subject anything approaching the wind assumed, but should this 
happen the stress would still weil within the elastic limit, and safe. 
have practice adding the sections trestle legs when the com- 
bined stress exceeded per cent. that due dead and live loads 
only, but believe that 100 per cent. would better this case, there 
merit wasting good bridge material. paper, Vol. XIII, 
Plate Transactions Am. Soc. E., are given the stresses three 
varieties bridge portals. investigated the subject that time and 
have used the results since. They are correct according views, 
and have not seen them print elsewhere, they may some 
service bridge designers. 

not agree with the author that plate girder proportioning 
amounts but little more than rule-of-thumb. sure, some 
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peculiar and untenable theory occasionally advanced, but all 
important believe the stresses plate girders are well 
known, and admit clear demonstration, other structures. 

G.—I would never use unreamed compression steel any grade 
under any circumstances. may stand the drift test and bend double 
upon itself, yet, the careless upsetting girder, crack like glass. 
regards the use steel, the question the most desirable grade 
use has more interest than any other; very mild steel used 
compression, the cost reaming prevents great measure its 
economic use compared with iron, and unless some very decided 
saving can effected its would much prefer iron. have 
favored, both for tension and compression, steel having mean ultimate 
strength about 000 pounds, although believe majority engi- 
neers favor lower grade. Iam favor the grade mentioned for 
several reasons; its use effects material saving the cost structures; 
can furnished uniform quality; its elastic limit and reduction 
area are superior iron, and cold bending nearly quite the 
equal iron, and when annealed after forging and when reamed after 
true, why throw away strength 000 pounds per square inch? 
and not true, would glad hear some good and substantial 
reasons why. would glad hear expression opinion this 
important question economy. 

Am. Soc. E.—In the discussion the valuable 
paper entitled ‘‘On Specifications and Strength Iron Bridges,” read 
fact was forcibly brought before the Society several our more 
prominent and well known bridge engineers, that preparing strain 
sheets for bridge trusses great amount practically useless labor 
was imposed upon the contracting engineer provide for the maximum 
strain caused any one the various engine wheel loads specified; 
and glad that Mr. Waddell this time has again taken the initia- 
tive bring this matter before the Society. Ever since the matter 
engine concentration from wheel loads was considered connection 
with iron bridge building, looks though had been the ambition 
railway engineers writing bridge specification, adopt 
actual typical engine load differing wheel base and load from 
previously accepted ones, and yet its resulting strains varying but 
slightly from the engine load the rival railroad. Yet this slight varia- 
tion requires amount labor not appreciated and hardly compen- 
sating for the accuracy result, all which Mr. clearly 
points out and proposes remedy substituting arbitrary formulas 
closely approaching correct results. 

meit seems might this time agree upon three four typical 
engines equivalent concentrated loads covering nearly all cases 
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loadings, and should pleased did Mr. Cooper modify his standard 
wheel load approach those Mr. proposition, Mr. 
Cooper’s specifications having already wide reputation and having 
been adopted extensively railroad engineers astandard. Very 
likely the gentleman has already anticipated this necessity. have for 
the past six seven years slightly modified such wheel distances and 
loads for personal convenience computation without varying from 
the general result except the safe side. 

Similar conditions things present exist the various compres- 
sion formulas. Without further touching upon the great divergency 
established rules, simply mention that Cooper’s formulas for steel 
compression members long length columns give smaller resulting 
unit strains than for precisely equivalent iron sections, and this 
time have never been able fully explain the very small unit strain 
allowed for long posts compared with the large unit strains permitted 
for end chord sections the above mentioned author. 

With regard requirements stiffeners plate girders has been 
habit formulate for distances between stiffeners, also for the required 
area the same and the number rivets per stiffener, providing for 
the intensity shear the point question compared with the ratio 
between the web depth and web thickness and total net web area, dis- 
regarding the usual clause specifications space stiffeners dis- 
tances equal the depth girders and never less than feet apart. 
believe, however, that not much gained hair-splitting differ- 
ences discussion, the same time designing and build- 
ing diverge widely from good accepted practice and standard. Iam 
surprised find this date one our large cities, long three and 
four track railway viaduct process construction, consisting 
feet, feet and longer deck plate girder spans designed for very heavy 
traffic and engine load, which vertical web stiffeners for 4}-foot depths 
have been placed the certainly extraordinary distance feet from 
the end stiffeners. this viaduct being built accordance with 
modern practice should like know it, and have the engineer and 
designer, member our Society inform us; and not, discus- 
sion would beneficial and perhaps remedy such incon- 
gruity details otherwise careful and skillful design. 

Another point wish bring this: Why are hip joints inter- 
mediate panel points (between the inclined and horizontal top chord sec- 
tions) some our most important 
long-span structures designed though 
the transferred strain were through the 
bearing surfaces instead 
through the medium properly propor- 
tioned riveted reinforcement plates and the pin such all very prop- 
erly design for the end hip joint? With reference general details 
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construction, has been the favorite custom connect floor 
beams (zee) iron posts per sketch; this connection having the 
advantage that the beam attached the post through its neutral axis, 
doing away with the diaphragm plate ordinarily used for the purpose 
equalizing the load over the two channels the post. conclusion, 
would suggest that when Mr. Waddell establishes formula for unit 
strain steel under compression should the same time specify the 
grade steel proposed used, matter the utmost importance. 

the paper under discussion for the following reasons 

First.—There certainly entirely too much variation the specifi- 
cations live loads for new bridges. 

Second.—There are good grounds for this great variation. 

Third.—I think that the present varied practice will soon simpli- 
fied the suggested discussion. 

Fourth.—This subject has been one very great interest and 
all the members the Engineering Department the Norfolk and 
Western Railroad for over three years. 

1888 was found necessary make some very radical changes 
our bridge specifications, principally account the adoption 
heavier engines and cars, and, further, from the discovery that had 
ahead extremely large amount bridge work. the outset 
was found that could not adopt any special type engine for 
maximum live load, because many changes were probable, and, indeed, 
were made, before any specifications were completed. was also 
thought that the weights our engines might further increased 
years. was determined, therefore, adopt the simplest plan 
typical loading could devise, that would secure bridges hav- 
ing proper per cent. excess strength and arrange that loading 
that change the wheel base any our engines the weight 
auy wheel would not destroy the adopted per cent. excess strength 
our bridges. The problem was very soon found very difficult 
one months were spent upon it. 

The attempt was made first use single concentrated head 
load, followed uniformly distributed train load. This plan, 
when adjusted give the proper excess strength bridge members 
governed the maximum bending moments, would give entirely too 
small excess the strength members governed the maximum 
shearing forces. The conclusion was reached, therefore, that the proper 
plan loading series concentrated loads, followed uniformly 
distributed train load, and was determined make this arrangement 
concentrated loads simple possible. this end, diagrams 
were made showing the equivalent uniformly distributed load per 
foot for various spans, that would produce the same maximum bending 
moments and shearing forces our heaviest engines and train. Engines 
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used other roads were diagrammed the same manner, also the 
typical loadings various bridge specifications. The resulting dia- 
grams were like Plates XIX, attached this paper, which are 
copies the Norfolk and Western Railroad standards. Such diagrams 
not only furnished means the making our conclusions; but, also, 
means properly presenting the matter the management this 
road. 

May ist, 1889, standard specifications were adopted having very 
simple type loading, form like those our specifications dated 
January 1891, but lighter. January 1891, specifica- 
tions were adopted, having loading follows 

All bridges shall designed carry (in addition the dead load) 
live load pounds per lineal foot track, which 136 000 


LBS 
40,000 40,000 
PER FOOT PER 
Fie, 2. 


Plates XIX, clearly show the eye what uniform excess 
strength secure this type loading; fact, for all spans the 
excess strength practically per cent. large amount bridge 
work has been erected various bridge companies for the Norfolk 
and Western Railroad Company under this form specifications dur- 
ing the last two and one-half years. All the bridge people have ex- 
pressed themselves pleased with the simplification secured this 
loading and, think, have taken very long step the right direc- 
tion. Although the great simplification gained doing away with the 
tender wheel load and adopting uniform spacing the four concen- 
trated loads employed, makes the direct calculation the truss strains 
comparatively easy matter, still further simplicity gained the cal- 
culation all short spans and plate girders the use the equivalent 
loads appropriate for each particular span given the diagrams; 
and these diagrams having once been plotted, has been our practice 
use the equivalent uniform loads this manner, with the result 
great saving time. 
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The advisability removing the tender wheels the typical loading 
was made evident from the fact that the weights tender wheels are 
greater than the weights wheels loaded freight cars and that the 
increased train load per foot, which now found necessary adopt 
generally, more than covers any concentration found under our 
tenders. This plan forming diagrams like the above, originated with 
principal Assistant Engineer, Mr. Morgan Yeatman. The require- 
ments the problem hand speedily showed its uses and brought 
about the above results. There reason why, the use such 
diagrams, simple type loading, like that our specifications, can- 
not adopted every railroad company suit the requirements 
their traffic. These diagrams are simply graphical representations 
the tables Mr. Waddell, and show the same result. know the 
practice several bridge companies make just such tables those 
Mr. Waddell conform given specification fact, the above 
mentioned diagrams have been checked partly table from the Edge 
Moor Bridge Works. The rule mentioned Mr. Waddell for finding 
floor beam concentrations, has been used this road for the last three 
years, and, like many other points, the proof was discovered 
through the use bridge calculations diagrams like those heretofore 
referred to. 

trust this discussion may continued until results the entire 
abandonment multiple form engines for use bridge specifica- 
tions and hope that the above statement will indicate the uselessness 
even the six types locomotives proposed Mr. Waddell for this 
purpose. would recommend rather the use uniform load with 
concentrations not more than four points, which can selected 
cover the present and future requirements the traffic any rail- 
road. The loading having been adopted, simple matter prepare 
diagrams expedite the practical work calculation bridge strains. 

Am. Soc. E.—Prof. Waddell’s remarks upon 
the unwisdom adhering the details some actual typical engine 
determining the loads and stresses railway bridges meets the 
writer’s most hearty approval. The actual engine loads must, course, 
the ultimate standard reference; but this reason for declining 
use all ordinary work simple system equivalent loads; 
might well insist that all measurements must made with the 
official standard yard. 

When pressed for time which work out the proper equivalents 
the writer has specified the loads given particular engine; but when 
had not this excuse has specified uniform load per foot with 
single concentrated load represent the excess weight the locomo- 
tive, using one standard for the floor system which receives its full load 
with every locomotive; second for the web system, which the maxi- 
mum stresses are developed partial load, and third for the chord 
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members, which the maximum stresses are developed only the full 
loading the entire span. Prof. Waddell, other parties interested, 
will work out complete system uniform loads equivalent various 
actual typical engines, selected approved committee ap- 
pointed the American Society Civil Engineers, the writer, with 
many others, will take great pleasure abandoning the use engine 
concentrations altogether. The writer also agrees quite fully with Prof. 
Waddell’s remarks upon suspended floors, and when, some years ago, 
railway manager gave the writer for revision bridge specification 
which suspended floors were required all cases, amended for- 
bidding their use any case. This rule has since had occasion 
relax but single instance, and then for reasons purely local and 
special. The gain lateral stiffness the rigid attachment the 
cross girders the posts great justify this method, even 
the cost good deal attention the connecting rivets, which, how- 
ever, the writer’s experience, not required. And the attachment 
made, now frequently done, extending the web the cross 
girder through post made bars, sees nothing further 
desired. 

regards the spacing the stringers, the writer very strongly 
prefers place them exactly feet between centers. With this spacing 
the outer guard rail can fastened hook bolts the outer flange 
the stringers such distance from the track rail inches from the 
gauge side) insure that derailed wheel will drop the ties 
without climbing the guard rail, and yet keep the greatest possible 
distance from the truss. this arrangement the wider spacing the 
trusses recommended Prof. Waddell not required. 

Referring Prof. Waddell’s remarks upon the use steel bridge 
work, the writer fully agrees with him that, except for screw bolts and 
minor members, should insisted upon for all first-class work. 
When the utmost economy time and money demanded, the writer 
sometimes forced allow the use iron—excepting for eye-bars, pins, 
rivets and connecting angles—but does with great reluctance. But 
using steel differs from Prof. Waddell believing that the reaming, 
still better, the drilling rivet holes after the parts are assembled, 
something that ought always tobe required. This should done not 
only precaution against injury the metal and consequent fracture, 
but more means securing smooth and closely matched holes 
which the rivets can completely fill. holes for field rivets, where 
tight work hard get, the reaming matter much import- 
ance, for iron less than for steel. 

Am. Soc. E.—I agree with Mr. Wad- 
dell that the specification typical locomotives with wheels whose dis- 
tances apart are expressed inches and fractions, even whole 
inches, unprofitable. like computing the area circle with 
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the value expressed ten more decimals when two three 
answer every purpose; indeed, worse than this, for figur- 
ing the circle true result obtained, whereas the typical locomo- 
tive gives stresses that can never exist. however, such locomo- 
tives are specified, the duty the bridge designer use them 
his computations, and opinion that usually will better 
this directly according methods which are well known logi- 


-cal and accurate, rather than obtain equivalent uniform loads and then 


find the stresses due these. course, errors two per cent., 
thereabouts, the side are not important, and would not 
the method proposed this account, but there appears 
little gained simplicity its use. Computers should adopt the 
method which suits them best, regarding not merely saving time, but 
simplicity the logical understanding the processes. should 
judge that most students would find the theory concentrated loads 
understand than that computing and using several uniform 
loads attain the same results. Those who write speci- 
fications and invent typical locomotives should strongly urged 
express the distances between the wheels feet, the most feet 
and half feet. This was done Wilson’s specifications for the bridges 
the Pennsylvania Railroad published and discussed Transactions 
for 1886, and such were the case with all typical locomotives, most 
the difficulty computing stresses would disappear. 

the Annales des Ponts Chausses for September, 1891, pro- 
mulgated new order concerning the computation, design and testing 
railroad bridges France. specifies typical train load, consist- 
ing two locomotives and two tenders, followed loaded cars. Each 
locomotive weighs tonnes wheel base 3.60 meters, there being 
axles equally loaded and equally spaced. Each tender weighs 
tonnes wheel base 2.50 meters, there being two axles equally 
loaded. Each car weighs tonnes wheel base 3.00 meters, 
two axles. very simple arrangement, and particularly 
praiseworthy having uniform Joad following the locomotives, all 
the cars being wheels, they certainly ought be. Logic 
logic,” and those who persist specifying typical locomotives ought 
not rest content unless the entire rolling load concentrated 
wheels. However, uniform load and single concentrated load 
specified instead typical locomotive wheels, simplicity every direc- 
tion would attained. The uniform load would range from 000 
pounds per foot, per track, for short spans, down 3000 for long 
spans. The single concentrated load might the same for all spans, 
say 100 000 pounds, and should given any position, either the 
head the uniform load, elsewhere. trust that the paper before 
will lead the adoption such simple methods loading. 

Jun. Am. Soc. E.—Mr. Waddell gives rule 
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for finding floor beam concentrations directly from the equivalent uni- 
form live load. For this rule claims that ‘‘the principle 
was unknown the engineering profession only two years since,” and 
declares that ‘‘amazed that the principle was not 
long rule thus put forward and emphasized him the 


statement new principle and noteworthy addition engineering: 


knowledge. Mr. Waddell expert bridge engineer, and his record 
shows that understands his business. ‘To make slip occasionally 
paper written under pressure disgrace such one; and 
therefore, venture point out slip this case, simply the 
interests accuracy. Noone, Iam sure, will more ready can- 
didly acknowledge such slip, than the author the paper under dis- 
cussion, and few can better afford to. 

Let say then, that after careful examination Mr. Waddell’s de- 


monstration the rule question, fail find any addition our 


knowledge any new principle. not even find any principle 


stated all, but only the statement rule. Now rule not 


principle, but the result the application principle. The prin- 


ciple which lies back Mr. Waddell’s rule apparently not re-- 


cognized him atall. Yet well known him and all us. 


had only occurred him, could never have written about or- 


its consequences has. The application this principle gives 


immediately without the least algebraic work Mr. Waddell’s rule, and. 


more general form than puts himself. 
the expression equivalent uniform load for point,” always 
meant that uniform load which causes that point the same moment 


given system concentrated loads, which the uniform load 


this, the principle which really involved 
Mr. Waddell’s rule, which has failed use, but which is, 
however, long known him and all us, simply follows: 
uniform load causes the same moment any point horizontal beam 
supported the ends, half that load concentrated the point. Mr. 
Waddell knows this well all the rest us, and had only hap- 


pened occur him, would have saved not only all his 


work, but also all his remarks about his rule, the ignorance the 
profession that time writing, the newness his principle, and 


little unnecessary amazement. would have simply stated his. 


result directly obvious conclusion, and made further comment. 
For course follows once, that any given uniform load the 
equivalent uniform load for any point span, half concentrated 
that point and acting down, gives the same moment that point 
the given system concentrated loads which equivalent. If, 
however, acts up, and the given system also acts, the moment 


point will zero. other words, the original span now converted. 
into two adjacent, independant spans, with support the- 
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point, and the reaction the point equal half the equivalent uni- 
form load for that point, for span equal the original span. 

Here, then, the rule more generally stated than Mr. Waddell him- 
self gives it. takes his point the center supposes equal panels. 
This not necessary. The result and principle hold good for any point, 
and are the direct and immediate result well known principle. 

When Mr. Waddell reflects that this really the principle the 
bottom his unnecessary algebraic work, that has actually gone 
through that work without recognizing old friend, that 
really this principle which claims the entire engineering profession 
were ignorant two years ago—it is, think, simple justice him 
say that his amazement will less than ours, and less than 
was before, although the grounds for may changed. indeed 
true, that far know, his rule has never been explicitly stated 
before. But then, since equivalent loads can only found when the 
reactions are already known, naturally enough has not seemed worth 
while any one state how reverse the process. If, however, the 
equivalent loads are given, would indeed source legitimate 
amazement find any engineer reverse the process, and 
sure will now seem equally surprising Mr. Waddell himself, 
that having thus reversed it, should have for instant thought that 
any new principle was necessarily involved working problem back- 
ward, which was not already involved working forward, that 
was making any noteworthy contribution engineering knowledge 
doing. must also now seem equally surprising him, how 
could write that had ascertained” that equivalent loads can 
used finding the reaction”—knowing did that they can 
found from reactions—and not once see that should have taken 
time worth speaking ascertain that the reverse was also possible. 

the use uniform loading, with withoutengine excess, 
place the present laborious, heart-breaking method computing 
stresses, wish agree most emphatically with Mr. Waddell, and sin- 
cerely hope that this discussion may lead such reform. Nothing 
more certain than that the stresses now found for specified wheel 
load system are not the exact stresses even for the system specified, 
and still less for other systems for which the structure must also 
adapted. Any specified system thus only typical, and intended 
best give stresses greater than any actual loading, present future, 
which the structure may have carry. Impact has allowed for 
even then, and thus the apparent accuracy delusion. also 
certain that uniform loadings, with without engine excess, can 
easily chosen give always very close approximation the 
stresses due any assumed system present found, and nearly 
every case somewhat excess, they ought be. Scientifically, 
there reason for preferring one method the other. Both are 


DISCUSSION RAILWAY BRIDGE DESIGNING. 155 


approximations, both are error for the same reasons, and both give 
essentially the same stresses. Ease calculation should therefore 
decide the matter. The present method can claim no‘advantage over 
the other, and incomparably more laborious and time wasting. 
The writer has been obliged teach and use simply because 
vogue. But still retains and teaches the other also, believing firmly, 
has long since stated, that sooner later engineering practice will 
return May the day hastened! The present tedious method 
not new seems supposed. may that when those respon- 
sible for find that they have been anticipated far discovery and 
introduction concerned, they mgy less interested their fad. 
Long before 1879, Prof. Asimont, the Munich Polytechnic, taught, 
and 1879 published the identical method which was worked out 
independently here 1880. Prof. Asimont’s diagram different 
and much less convenient shape from that usually employed here, but 
the method precisely the same. far priority discovery and 
publication concerned the method his and should bear his name. 
received Prof. method July, 1879, and after examining 
laid aside defective refinement, offering only apparent accuracy 
the expense unnecessary labor. Such still consider it, under what- 
ever name goes. had been told July, 1879, that few years 
would specified here our railroad companies and advocated 
our most eminent builders and designers, would utter 
incredulity. would have replied that our designers have left that sort 
investigation exclusively the hands theorizers,” the mathema- 
ticians,” the engineers.” That America that sort thing 
wouldn’t That our men would regard such investiga- 
tions outcome from that scholastic Nazareth out which their 
opinion cometh good thing. That they were the last men the world 
look with favor upon scrupulous refinement calculation, the accuracy 
which was neutralized fundamental ignorance the actual con- 
ditions. That, short, they would care little for laborious method 
calculation, the validity which was impaired the start unknown 
factors not accounted for. And yet since then that very method has 
become the fad theday. elaborate mathematical treat- 
ment which goes farther than actual conditions warrant theorize, 
then the theorizer leads the crowd to-day. The method goes,” and, 
duty bound, have had teach and use it—but always under pro- 
test. have never had student whom have not encouraged 
best show up. Iam rejoiced that last the time seems getting ripe 
for general protest all along the line. may general that 
will haveto regarded, and forcible that will effectual. 
Gentlemen the Asimont method, the present paper makes 
issue. has been made before and has been ignored every time. Mr. 
Waddell not the first any means show and prove that for any 
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given wheel load system you please, uniform loads, uniform loads 
the engine excesses, can specified, which will all cases give stresses 
almost identical. That, considering the necessary inaccuracy the 
present method, man can say that these stresses are not every whit 
accurate. They may even more so. They are general slightly 
greater, and they ought be. object Mr. Waddell denoting errors 
the wrong side the present method the word 
unnecessary concession. would just make the other 
method the standard, and denote errors the wrong side 
danger.” 

Here, then, the square issue whigh has been persistently ignored. 
Are those deviations from the results the present method, small 
they are, the side not, and are they worth the drudgery 
thejr so, your reasons, gentlemen the Asimont 
method! they are not, why the name common sense must 
continue submit such drudgery 

Am. Soc. E.—I glad that the subject bridge 
designing again before the Society for discussion. consider Mr. 
Wilson’s paper Specifications for Strength Iron Bridges and 
its discussion, published Vol. Transactions, page 389, the best 
treatise details bridge design that has been published the Eng- 
lish language. full discussion the present paper will great 
value supplementing that and bringing date. The practice 
using uniform loads for calculating strains seems making substan- 
tial progress. should be, and natural result the 
fact that bridge buyers are getting more and more make their own 
designs. Calculating wheel concentrations was great step advance 
the old method using certain uniform load per foot for all spans, 
and still gives the Chief Engineer Manager, who does not know how 
design his bridge, and who does not employ assistant who does 
know how, easy and precise way specify for the bridge that 
wants. 

really more complex specify how bridge shall designed 
for uniform loads than say, All parts the structure shall 
calculated resist the maximum strains produced class 
and engines.” the other hand, designing the bridge, 
much simpler use uniform loading, that is, the bridge bayer who does 
not know how design his bridge had best specify the engine diagram. 
attempts specify uniform loading must stute carefully how 
used for chords, shears, stringers, floor beams, etc., and the 
chances are that will either make botch it, leave bidders much 
assume their individual convenience. the nature things, typi- 
cal engine diagrams and standard specifications, so-called, are not for 
engineers who know how design good bridge their own right. 

For the past seven eight years, that is, since have been bridge 


DISCUSSION RAILWAY BRIDGE DESIGNING. 157 


buyer, have used uniform loading exclusively, and see reason now 
for doing otherwise. not object amount labor per in- 
volved wheel concentrations, but violates one the 
fundamental precepts good engineering put much more precise 
and laborious work into one part the design than into another; that 
is, the labor making strain sheet ought not overshadow the using 
present using live load curve giving loads below: 


Load Load Load 
Span per foot, per per Span per foot. 
4 30 000 12 10 430 30 7 280 | 80 4750 
6 20 000 14 9 700 40 6 380 100 4 460 
8 15 000 16 9 180 50 5 710 120 4 360 
10 12 000 20 8 470 60 5 270 150 4340 


based string consolidation engines with 000 pounds 
each driving axle and tender with 000 pounds per axle; this 
addea 
span 
erally denominated impact. The short span end the curve touched 
with pair axles feet centers, with 000 pounds each plus 
take issue with the author thinking engine should 
used, more than half the bridges with which have deal have 
spans less than how the above loads are used for moments, 
shears, floor beams, stringers, reactions, etc., would too long for this 
place; but the author the paper will look communication from 
published Railroad December 10th, 1886, will see that his 
claim that one knew the principle which demonstrates that the 
floor beam load equal the panel length multiplied the load per 
foot, corresponding span twice the panel length, bad one. 
there say, ‘‘For floor beams use load per foot corresponding 
span where the panel length.” The editor the Gazetie volun- 
teered parenthesis which marred the sense, but the above are the 
words written. have used this principle” constantly, since 1884. 

bridge that unsatisfactory the trainmen who use and the 
bridge crew who take care it, not good bridge, although may 
satisfy the engineer who computes it. The converse this statement, 
however, does not always hold; that is, bridge may satisfactory 
the men who use and take care it, and still may have some glaring 
fault design that causes some have but the strength 
the other parts. Still, the bridge engineer, wishes escape 
being called crank, must very cautious condemning bridge 
the score unscientific design, that doing its work satisfactory 
manner; especially not the possessor gray head. Riveted 


cover the imperfections track, wheels, etc., gen- 
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pony trusses feet span can made perfectly satisfactory, and careful 
study many them under the action trains, convinces that 
properly designed, they make good bridges. prefer them through 
plate girders that length, from the fact that such heavy girders are very 
likely get badly abused getting them into place. For deck spans 
the whole can riveted the shop, and the handling then simple 
matter and can done without injury the iron work. The very best 
form, opinion, into which metal can put make bridge, 
deck plate girder with cross floor beams and stringers; the stringers 
under the rails and their tops level with the tops the girders; 
the girders spaced wide can shipped cars. have 
trouble getting them feet centers. this form bridge the 
girders support the ends the ties and the latter project outside the 


girders sufficiently allow con- 
venient bolting the guard tim- 
bers. designed very many 


multiple system riveted trusses, 


and the only substantial objec- 
tion them that symmetrical 
chords with channel-shaped sides 


cannot used. have dropped 
them for this reason. For web system simply the double cancellation 
far peferable the pure Warren type, and more economical. 
not use continually the best lateral bracing that can devise? 

the six-panel truss shown above, the double system has the same 
number web members the Warren, and the shear each the 
former but approximately half what the latter. The inclina- 
tion and length greater, sure, but will work more economi- 
cally five-sided chords can tolerated. The ambiguity which 
system the one-sixth end panel load travels over get the farther 
abutment but little moment. Ifthe designer very thin-skinned 
can allow for both systems. modified Warren, shown below, 
has many advantages, and now using exclusively short spans. 

would use pin connections for shorter spans than the author names. 
double track span 100 feet makes good solid pin bridge. agree 
with the author his condemna- 
tion suspended floor beams and 
rigid bracing. The specification 
under which now working 
says: beam hangers free the pin will not and 
The laterals the loaded chord shall all cases rigid Re- 
garding bridge floors, the practice the system with which con- 
nected, use flat ties inches wooden bridges, inches flat 
notched one-half three-quarter inch over the stringers iron bridges. 
These ties are feet long and laid inches centers; guard timbers 
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notched inch over the ends the ties and bolted every fourth tie. 
Our main stringers are feet centers, with outside stringers through 
bridges feet wide. prefer Southern long leaf pine for bridge ties. 
outlasts the hard woods and shows plainly when decayed. 
object strongly the wide spacing stringers advocated the 
author. building iron steel bridge, let make com- 
plete itself, and leave the ties only their legitimate duty 
holding the rails gauge and line. The idea that some engineers seem 
have that the wheels should cushioned the spring the ties 
between the stringers, belongs the shelf alongside the old idea that 
iron bridges must set wooden wall blocks, that they would 
shattered like glass beads they rested directly the unyielding 
masonry. know where the flange angles stringers 
have been bent down from the deflection the ties, but can remember 


two bridges where ties have been found broken account the wide 


spacing the stringers, and this trains the rails. doubt the 
ties mentioned were cross-grained and not large enough, but the design 
poor that looks the rapidly decaying ties help out floor beam 
scant dimensions. New England great majority the bridges 
are limited the matter depth floor, and the necessity using 
deep tie would often interfere with making good design. The thick- 
ness tie named above sufficient take the spikes, and experience 
shows that they last long larger sticks. Personally, should place 
the ties farther apart, say Ihave known many instances 
derailed cars crossing bridges with the latter spacing and there was 
bunching ties. abandoned the practice some years ago bolt- 
ing the tie floor the iron work. the ties are notched over the 
stringers and the guard timbers over the ties, there need fear that 
the floor and bridge will part company, unless cyclone region, 
with which confess have had experience. our wooden bridges 
the ties are not notched, but are planed one side even thickness and 
spike bolted the stringers. 

and measure the bulk our modern ignorance 
iron bridge designing; they are the present-day representative the 
old bugbear that used downed the safety.” 
seems reasonable that should covered the loading, and 
the addition the engine loads previously mentioned attempt 
this. matter fact the deflection bridge, even though 
very short span, but slightly more, under fast speeds than 
the stands rest; this depends, however, the condi- 
tion the track surface and also the wheels. have known freight 
cars speed deflect bridge more than the engine, evidently 
count wheels which were worn out atrue circle. 
believe it, should covered the unit strains. That the deduc- 
tions from the German experiments the effect oft-repeated strains 
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metals are not applicable bridge designing stated the author 
thoroughly believe. Still, supposing our strain sheet show the true 
relation between the strains all parts structure, does not seem 
satisfactory use constant unit for both those parts which are loaded 
their maximum every passage train and other parts 
which get their maximum only under the unusual circumstance two 
typical trains meeting. Nor does seem just right use the same 
tension unit for parts which are strained from zero the calculated 
maximum many times day, and other parts which the varying load 
more than perhaps per cent. the total. That oft-repeated 
strains within the elastic limit hurt member compression, not 
believe. practice use per cent. greater unit strains the 
middle truss three-truss bridge than the side trusses, and for 
general tension curve the ordinates which give tension units, the 
abcissas being values 
max 


This curve might well have been 


sketched eye through certain points that were assumed satis- 
factory, have been constructed from equation. seems 
that curve should more satisfactory use than list suggested 
the author, which jumps 1000 pounds per inch between long and 
short members. 

see sound reason for assessing plate girders below feet span, 
recommended the author. His desire discourage the use 
short panels doing hardly good engineering; the panel length 
unless governed head room considerations, should function 
the truss depth and distance between trusses. short spans are 
right using short panels; and stated before, more than half the 
bridges under care are less than feet span. cannot discourage 
these legitimately such units. The practice with use one- 
sixth the web flange section plate girders when the web 
one sheet without splice; but the web several sections and the 
splice plates are proportioned only for shear, seems hardly justifiable 
count much resist deflection. Ido not understand the reason 
for the author’s statement: course the web counted in, the 
intensities working stresses the flanges will have decreased 
accordingly.” judgment the plate girder the best form 
which can build metal carry across opening, and 
allow the same tension units them that eye-bar members 
truss. find that nothing less than three-eighth webs stringers will 
give proper bearing for rivets. The wheel load cannot reckoned 
producing less than about pounds vertical pressure single 
rivet, and this, combined with the horizontal pressure from the 
strain, will call for three-eighth-inch web, least, the majority 
cases. The fact is, good machine driven rivets are worth more than 
generally allow, but have set bearing units should take ac- 
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count all the loads coming our connections and stick them. End 
floor beams are good detail the stringers are extended beyond the 
beam enough take one tie; otherwise the distance between the last 
bridge tie and the first ground tie will too great. 

calculating pin moments think the load delivered the pin 
each member should considered distributed over its thickness. 
surely distributed fact. the maximum moment occurs the 
middle the pin the result will the same whether the load 
considered, concentrated the center the member, but the maxi- 
mum occurs under some particular bar, the above consideration reduces 
the moment sometimes quite materially. 


the moment curves sketched above, the full vertical lines repre- 
sent the sides members packed pin, the full broken line the 
moments calculated with all load concentrated centers members, 
and the dotted curves the allowable change the loads are considered 
distributed. will seen that the reduction one-half the distance 
from the vertex the line joining the intersections the sides the 
bar with the moment line. some cases this perfectly legitimate con- 
sideration will materially help out the size the pin. 

not likely that the discussion Mr. Waddell’s paper will ex- 
haust the subject that there can more said. one can state 
his opinions and beliefs, but not good manners insist that others 
shall believe our creeds. rules and methods are for office; 
will not attempt force them brother engineers. they like them 
they are liberty use them. they not believe do, dare 
not say they are wrong. 

Am. Soc. E.—On the resistance bending 
the web plate girder. 

First.—First our author: proposes add one-sixth the 
area the web each flange, and decrease 
proportionately) the intensity working stress. the result this 
case will the same the web were neglected, difficult see 
reason for it. 

Second. —It well known that rectangular beam the maximum 
shearing stress about the neutral axis, diminishing zero the top 
and bottom fibers. beam more nearly uniform throughout 
the web; still almost nothing the flanges. Beyond question, then, 
the web must take the entire shearing stress, 
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Third.—As the bending stresses the web, they exist and cannot 
got rid of. Their intensity may reduced increasing the area 
the flange, and this, fact, the practical effect neglecting the 
web computing the resistance the beam. would seem 


more rational well more exact consider the entire section and 


proportion for such intensity bending stress may best for the 
particular case. The former method additional factor safety, 
variable, and, perhaps, uncertain value ordinary practice, but 
there are mentioned our author, which cannot 
applied. 

Fourth.—The progress exact methods well exemplified our 
author, who, afew years ago, was partisan the flange-only-for-bend- 
ing theory its most extreme applications. welcome his change 
mind. 

Fifth.—The proportioning flanges take the whole bending 
stress, while the web takes the shear, not uncommon with French con- 
tractors. The following line reasoning support the practice 
from one their authors. The moment inertia the beam enters 
into the formula for maximum shear. Now, use the moment 
inertia the flanges alone, neglecting the web, results that the shear 
evenly distributed over the section the web. other words, 
assume the bending stresses borne entirely the flanges, 
follows that the shear uniform throughout the web. 

Mr. Waddell’s paper which would like add emphasis while heartily 
approving nearly all the suggestions made. With regard the using 
uniform live loads, there can hardly any any provision 
whereby the labor computation can decreased, while the same 
time satisfactory approximation accuracy reached, will meet with 
the approval all engineers; the only result will lighten labor, 
and thereby decrease cost. This matter more importance the 
computing engineer bridge company than the engineer the rail- 
road for whom design may prepared, the direct cost the railroad 
company not affected materially the difficulty making the com- 
putations after specification which may new the designer, and the 
engineer the railroad having always use the same specification, can 
prepare tables which will make the work checking and designing 
simple for himself; but there would indirect gain the railroad 
company through the decreasing the cost designing, which must 
the end paid for those who buy the bridges. impractic- 
able for the computer bridge company make tables which will 
fully cover all the different specifications now use different rail- 
road companies, although some the most common can provided 
for this way. can occasion additional labor the 
part the railroad engineer, and will surely lighten the labor the 
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computer, system uniform live loads such suggested can 
universally even widely adopted. When considered that the 
engine and train loads any given road differ very widely, and that 
the specifications for bridges are, should be, written provide 
for the very heaviest load, with something margin for possible 
increase the future; seems that there should objection 
adopting uniform load which will give strains within reasonable 
per cent. those caused the heavy typical load, and the result 
Mr. Waddell’s investigations seems indicate very plainly that such 
loads can determined and used without the large number different 
assumptions which have been considered necessary. 

the tables presented pages 86, and 88, will ob- 
served that the error the side danger rarely much over 
per cent., and may well call attention the fact that this 
for the live load simply, the actual error the side danger the 
resulting section will only from per cent. this amount, 
1.2 1.4 per cent. altogether, since the dead load can calculated 
accurately. case were deemed essential that there should not 
even this per cent. danger, would easy estimate the per- 
centage added different members spans varying numbers 
panels which would make the strains right, these percentages 
would practically constant for spans the same number panels, 
and they could easily applied. This, however, would the 
direction additional work which sought avoid, and easier 
method would make such addition the assumed uniform 
load would cause all results the side safety referred 
that load, which would equivalent satisfactory concentrated 
loading. may objected that this would add materially the cost 
the bridge, but upon investigation will found that the difference 
not great. tension members, where the area cannot provided 
for exactly ordinary regular sizes bars, the difference arising 
from using extra per cent. rarely such cause difference 
the size, and will sometimes provided for the section 
used, and generally will not increase the section enough add the 
thickness the bar, although few cases may have this effect. 
compression members where customary make the sections 
exact varying the weight channels angles, there will some 
increase section, but the amount indicated the result calcu- 
lation the 300-foot span mentioned pages and 88, where the 
total additional cost was less than $40, amount which railroad 
engineer might willing pay one two cases for the advantage 
uniform system loads. 

cannot pass the section concerning forms trusses without express- 
ing thorough approval Mr. Waddell’s objection pony trusses. 
The uncertainty with regard the strength the top chord and the 
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lack rigidity the structure should cause every engineer dis- 
countenance its use. cannot quite agree with the writer his opinion 
that better carry the intermediate panel load Pettit truss 
strut toward the pier instead toward the center, although 
willing admit that the former method will give somewhat more 
inertia and consequent rigidity the truss, for the reason that the 
center panels the dead load strain, carried the top post the tie 
referred to, generally necessary prevent reversal strain the 
post point where the line the top chord broken. This con- 
sider essential avoid possible, and think this more important 
than the slight additional rigidity afforded the strut. 

glad notice that the question unit strains end posts 
mentioned, has always seemed that should regarded 
continuation the top chord system rather than intermediate 
post. The reason for Mr. specifications for this 
have understood, was provide additional section and weight 
means resisting any possible shock blow froma passing train which 
might derailed that point; but this can much more effectually 
provided for, if, indeed, bridge should designed resist such 
shock, adding strut running from the center the end 
post the second bottom chord and this construction, 
addition providing for this contingency, assists the end post de- 
creasing its effective length, and thereby stiffening and decreasing its 
section. Another consideration against using small unit strain 
designing the end post that, fully shown Mr. Waddell, the end 
post should have ample provision for carrying the bending strains in- 
duced wind pressure, and designed with this view, will certainly 
heavy enough satisfy any feeling that should have excessive 
strength provide for such shock blow suggested. believe 
that the end post should always calculated resist the bending mo- 
ment referred to, although cannot say that has been practice 
so, except where such provision called for definitely specifica- 
tions. 

not consider that bridge danger the end post not 
thus designed, except for especially long spans, and will hardly 
expected that such large amount extra material required such 
called for, unless bridge where its omission amounts danger. 
think bridge builders would prefer build work designed this 
way than build lighter section, and this therefore matter for the 
railroad engineer who prepares the specifications, and would pleased 
see such specification become universal. The general specification 
that all wind strains shall provided for not sufficient cover this 
point under the present practice designing, and should made 
special point. One difficulty which competitors have meet the un- 
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certainty whether the engineer who compares their plans and 
checks them over sufficient expert bridge work notice de- 
fects this kind any when such points are not particularly 
noted the specifications. well understood that while many 
railroad engineers may have the highest ability many directions, they 
are not necessarily experts this line, although many are, and 
therefore extremely desirable that there should contidence the 
part bidders that all plans would examined some engineer 
thoroughly competent examine into all details the designs and 
form accurate opinion their relative merits. 

The question connection stringers floor beams import- 
ant one, and the objection riveted connections valid one, both 
account the horizontal bending induced the floor beams, and also 
the tendency cause the stringers act continuous girders, pro- 
ducing tension the rivets the top the connection. The point 
some specifications requiring that the connecting rivets shall all in- 
the lower two-thirds the beam avoids this danger largely, 
and good rule, although sometimes difficult follow unless the 
stringers have considerable depth. The same objection applies string- 
ers resting the top the beam, where they should braced some 
effective manner, and where, both stringers are attached the same 
brace, there similar strain the rivets the top the beam. 
such case each stringer should separately braced, that there may 
pulling apart the tops. 

Assoc. Am. Soc. E.—Prof. Waddell objects 
the use concentrated loads for computing the live load strains 
bridges, and prefers use uniform loads per lineal foot, changing with 
the length spans. While see practical objection this, must 
object his reason, viz.: that the use concentrated loads involves 
larger amount labor and complications than uniform loads. ap- 
plying the modern graphical methods (moment curve, shear curve and 
secondary shear curve), such have been use the Engineers’ Office 
the Pencoyd Bridge and Construction Company for many years, there 
practically hardly any difference whether figure with concentrated 
uniform loads, and can use them all cases, makes differ- 
ence how many wheel loads may leave the bridge. With little prac- 
tice one can easily get all the live load strains for six eight panel 
bridge with straight chord about one-half hour; for chord, 
single intersection bridge in, say, one and one-half two hours. 
admit that there are few cases, like draw-bridges and arched ribs, 
where save time using uniform loads, and where are the more 
justified doing so, the assumptions upon which our calculations 
are based are more less arbitrary. The proof given, that the equiva- 
lent uniform load for floor beams the same that for the center 
moment span equal twice the panel length, mathematically 
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very interesting. This fact, though, has been known and taught our 
engineering schools for many years anybody familiar with the use 
curves influence must know it. the floor beam reaction and the 
center moment the above spans have the very identical curve in- 
fluence, the equivalent uniform load both cases cannot help but 
the same. 

cannot agree with what said the paper reference plate 
girder webs. admit that will hard prove that the failure has 
been caused using too thin webs. The working stresses our 
structures are general far below the elastic limit that those cases 
where bridge fails the weakness the body the member are 
very rare, and eventual failures can usually traced faulty con- 
struction details and weakness the connections. The shear 
the web plate girders, however, just much there the strain 
the web system pin lattice bridge. Very often, though, 
misunderstood, see clearly some specifications, like those the 
Pennsylvania Lines west Pittsburgh, which allow 000 pounds shear 
when the vertical and 000 pounds when they are horizontal. 
This ought just the reverse. say that the shear transfer- 
red the web only, give empirical rule, nothing else. This 
shear, vertical shear the web only, does not exist; taken 
the flanges well; but shear equal this exists the middle 
the web horizontal shear, can easily prove theoretically. 
put two beams loose top each other, and let them deflect under 
load, they will slide each other. make them work one beam 
have apply horizontal tensile and compressive strains, which are 
nothing else but the horizontal shear our girders. plate girders 
not too deep very often prefer even use heavier web and leave the 
intermediate stiffeners out altogether. many cases this will not only 
simplify the shop work without weakening the structure, but also give 
lighter and stiffer structure. The heavy web will help diminish the de- 
flection the stiffeners will not. 

heartily approve what Prof. Waddell says reference end 
stiffeners, know from own experience that this point which 
very often not called for the specifications; and thanks the cus- 
tomary lump sum bidding, therefore, often not considered compet- 
ing bridge companies. thoroughly agree with what said wind 
pressure, Mr. specification gives for long spans decidedly 
too low figures. The author states that the fatigue formula for bridge 
members unnecessary, because the metal bridge members has time 
recover itself between the applications live load. may worth 
while draw attention the fact that Prof. experiments 
have clearly proved that there such thing fatigue metal within 
the elastic limit that you can load and unload piece metal below 
the elastic often you want without being able break it. 
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all our working strains are below this limit, can see that need not 
consider fatigue metal such all. Nevertheless, the fatigue for- 
mula, Mr. Wilson has used it, for example, for the Pennsylvania Rail- 
road Company’s specification, very practical formula, and gives very 
good proportions, allowing higher strains for long spans and lower 
strains for shorter ones. 

determine our sections usually the dead and live load 
strains only. The impact strain just important. usually 
only considered indirectly most specifications. These impact strains 
will occur the structure whenever train goes over, and yet 
sorry say that know very little about them. The fatigue formula 
partly provides for it, does Mr. Cooper his specification, 
allowing twice the permissible strain per square inch for dead load 
allows for live load, or, other words, adding 100 per cent. 
impact the live load throughout. generally known that short 
span member whose maximum strain produced when only short 
distance loaded, must get more impact than the long span cor- 
responding member. The load comes more suddenly, and will its 
effect nearer fully dynamically applied load. The vibrations, hori- 
zontal and vertical, while the load goes over, are more likely add to- 
gether for few wheel loads than they will for very long train, where 
probably quite number will compensate each other. Mr. 
Schneider, his specifications written for the Pencoyd Bridge and 
Construction Company, provides for that allowing different percent- 
ages impact for different lengths loading. This seems 
step the only right direction. only determine the exact pro- 
portion the impact for different lengths loading series ex- 
periments, which could made without too much difficulty. 

Prof. Dr. Fraenkel, the Royal Polytechnicum Dresden, has 
constructed very ingenious instrument with which can measure fiber 
strains down pounds per square inch, and which draws out com- 
plete diagram the strain the fiber. Let now figure the strain 
member for the most unfavorable position given load. Let 
then apply this loading statically the same position the bridge, 
and measure the strain. further run over the bridge with differ- 
ent measure the strains again, and think would have 
getting fair average for impact and vibration for 
different spans and velocities, upon which, undoubtedly, the condition 
the track and the rolling stock would have some could 
even further than that. measure the fiber strains four 
points chord post, and can find out the same time what 
bending stress our chord post got from eccentricity and stiffness 
the connections. Connecting our instrument with the lateral system, 
can see what lateral stress the train produced our structure. 
have used these instruments with great success many cases, and 
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convinced that should see great deal clearer regard many im- 
portant and doubtful points, some prominent bridge company rail- 
road company would take series experiments systematic and 
scientific way. The question impact settled, great deal would 
gained. knew from our dead load, live load and impact, the 
greatest direct strain member could get, should surely much sooner 
able settle uniform permissible strain with fair allowance for 
secondary stresses and safety not for main members only, but also for 
the connections; for allow different working stresses different 
members, should surely the same our connections. 

could make, then, such assumptions for the lateral forces, that 
could use the same permissible strains also for our lateral system; 
and this way surely simplify our calculations, and come nearer the ideal 
structure, which all parts and connections are uniformly strong. 
Mr. Cooper says his specifications that the rivet shear shall not ex- 
ceed 500 pounds. per square inch, three-quarters the allowed 
strain per square inch upon the member; the pressure rivet and 
pin bearing not exceed 12000 pounds per square inch, one 
and one-half times the allowed strain per square inch the mem- 
ber. According this, and pounds would the upper 
limits, and the second conditions would only used whenever they 
would give smaller values. not think that this quite the 
intention the author. member strained with pounds per 
square inch corresponding the maximum shear 7500 pounds 
surely ought have its connections designed with smaller per- 
missible shearing stress than member strained with 000 pounds 
(laterals and members strained dead load only). Why should ten 
rivets single shear one case equivalent square inches 
metal, the other case only to3? Another disadvantage that make 
our calculations unnecessarily complicated introducing two condi- 
tions. Very often have consider two cases, and must, besides 
this, figure out the average stress per square inch the member es- 
pecially for the purpose, the section the member determined 
the different strains for dead and live load. 

For pin bending, Mr. Cooper allows 15000 pounds all the way through. 
pounds. short truss where would get about 000 pounds per 
square inch, have use bar for the same stress; the same 
pin would, under thesame circumstances, otherwise for both these bars. 
Mr. Wilson determines his shear and stress proportion the 
compressive unit stress the members, the same time allowing con- 
stant fiber stress for bending pins. This somewhat complicates the cal- 
culations, and under the same disadvantage far pin bending 
concerned Mr. Cooper’s method. make our bearing and 
shear dependent the varying unit stresses the members, give 
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the great advantage tabulating our shear and bearing values 
rivets and pins, and great deal mechanical work over 
and over again. All this avoided Mr. Schneider’s (Pencoyd) 
specifications, where figure with maximum stress containing dif- 
ferent amounts impact for different lengths loading, and use con- 
stant unit stresses throughout for main sections and connections. This 
point saving time, which, think, more important than the in- 
troduction equivalent uniform loads proposed Prof. Waddell. 

Prof. Waddell declares himself for figuring with high permissible 
strains, the same time assuming the highest possible load structure 
can get. agree with him that. the impact, how- 
ever, one these strains, let try find out something more about 
this yet unknown quantity, introduce scientific and yet practical 
way our calculations, and thus reducing our factor ignorance, 
allow higher strains. determining our permissible unit strains, 
ought consider the secondary bending strains our members may get 
from the stiffness and eventually from the eccentricity, our connec- 
tions. Even with central connections these secondary strains may 
very considerable. reduce them minimum proper de- 
signing and selecting the proper systems. Prof. Dr. Winkler 
Theory Vienna, 1881) investigates double intersec- 
tion lattice girder about feet with maximum eccentricity only 
three-sixteenths inch, for load every other panel point. Although 
this extreme case not likely happen practice, may draw some 
conclusions the relative value different systems from his figures. 
gives the additional secondary bending stresses expressed per- 
centages the direct stress, follows 


Girder without verticals, diagonals connected intersections: 
chords, maximum 113 per cent., average per cent.; web 
members, maximum per cent., average per cent.; 
total average per cent. 


Girder without verticals, diagonals not connected: chords, 
maximum per cent., average per cent.; web members, 
maximum per cent., average per cent.; total average 
per cent. 

Girder with verticals, diagonals not connected: chords, maxi- 
mum per cent., average per cent.; web members, 


maximum per cent., average per cent.; total average 
per cent. 


Even for all panel points loaded, these additional strains average 
about per cent. the first case. trestle bent found the 
same figures for some members large 200 per cent. for 


central connections and nearly 300 per cent. with Civil 
Ingénieur,” 1887.) 
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These secondary strains often cause quite peculiar effects. 
remember the case suspension bridge, where the cables were 
made pins and eye-bars. Experimenting them with Prof. Fran- 
instrument, found compression some these bars when 
heavy street roller passed over. second instrument applied the 
other side the bar showed the tension, which had figured, pro- 
portionately increased. had clear case bending our 
caused the friction the pins the pin-holes. The whole 
cable from the abutment over the piers the other abutment, worked 
not only tension member, but the same time continuous 
girder; that while the additional strains produced the street 
roller the upper and lower fibers the eye-bars the middle the 
span were compression and tension, our instruments showed them 
tension and compression the piers. 

The question whether correct apply different formulas for 
buckling for fixed and hinged ends, very difficult one decide. 
All our buckling theories and experiments are more less uncertain. 
All experiments refer the ultimate strength. would have been 
much more value those experiments had known any fibers 
were strained beyond their elastic limit. Experiments this kind 
could made with the same instruments spoke connection with 
the impact. But even supposing had derived really perfect formula 
from our experiments, there not quite difference between the mem- 
ber with fixed ends our testing machine and the same member 
bridge, where the stiff connections may not only not prevent the buck- 
ling, but where the secondary bending stresses, which are caused 
these stiff connections, may even start the same? think hardly 
worth while, therefore, make distinction between fixed and hinged 
ends. Mr. Cooper gives different formulas for chords and posts, 
understand, provide for the strains the posts may get case derail- 
ments. not waste, then, lot metal all those cases where 
have, for example, deck bridges with ties resting the top chord and 
where the posts are least just much protected against these strains 
the chords? also seems that applying this formula, 
make long span bridge with heavy posts much more ample pro- 
vision for these accidental stresses than short bridge with 
very light post. think more advisable figure with one 
formula for posts and chords, but make the posts through bridges 
strong enough withstand bending moment case accident. 
This moment would naturally the same long and short spans, 
though might advisable fix higher moment for the end 
posts, these are more liable get square shock, while intermediate 
posts would probably get under flat angle. 

not see that the danger the top chords sideways buckling 
pony lattice girders very great, the girders are properly designed. 
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These girders ought have wide chords with double webs, and cor- 
respondingly wide posts with solid web, well connected the chord. 
requires very little strain prevent member from buckling, and can 
easily make the posts strong enough this work; they naturally will 
bend over when the floor deflects and tend distort the chords; but very 
much doubt that these additional strains will more than the addi- 
tional strains the posts through bridges from the same cause. For 
single track spans from 110 feet prefer lattice pony truss 
through bridge. The latter always has less flimsy appearance, 
and has hardly sufficient lateral stiffness its main members unless 
throw great deal extra metal. reference combining 
stresses, undoubtedly correct allow higher permissible strains 
for the combination dead and live load with wind and momentum. 
not think right, however, allow higher strains for the combina- 
tion dead and live load with the centrifugal force corresponding 
average speed, the horizontal centrifugal force just much 
regular load our bridges the vertical dead and live load. 

Am. Soc. E.—Mr. Waddell has brought 
out very interesting manner some the disputed points bridge 
design, and seems advisable that every member the Society 
who particularly interested this branch the profession should 
least express opinion the questions considered his paper. 

have always thought that the method wheel concentrations, 
used calculating the stresses single system truss bridges, would 
sooner later pass into disuse, not much account the increased 
labor involved the calculations, which not think great, be- 
cause would finally realized that the accuracy attained its use 
more apparent than real. Who would venture say that the stresses 
actually induced, the varying loads ordinary traffic the members 
any railroad bridge designed with typical engines, even closely ap- 
proximating those actual use, would identical with those shown 
the stress sheet the original design; that they would generally come 
within percentage those given the stress sheet?—and 
matter fact engineer justified specifying loads which 
not considerably exceed those general use the road for which the 
bridge designed. That is, must assume load which will make 
provision for unknown increments due future traffic. The method 
looks and what may called elegant, but whether the metal more 
properly placed its use entirely questionable. 

have considerable sympathy also for those who object the use 
equivalent uniform load, namely, because there such thing. 
Mr. Waddell has made out very good case for the average equiva- 
lent uniform load obtained from the bending moments due typical 
engines and their following load, but seems that the use 
uniform load made heavy enough cover certain probable future in- 
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crease car weights with uniform excesses taken large enough cover 
probable future increase engine weights; more simple 
and all things considered more rational method providing for the 
proper distribution the metal the trusses, than the use assumed 
typical engine two followed uniform load, than assumed 
equivalent this assumed load. any case, long known 
the dynamic effect the moving train the various pieces the 
structure, believe that not scientific split hairs either the 
relative position the magnitude loads which are only assumed any- 
way, and which, view the future, never should assumed give 
the same stresses those induced existing traffic even when statically 
considered. 

specifying wind pressure for large spans, well remember 
that observations far made, show that very great wind pressures occur 
only over very restricted areas; and that such great pressures are ex- 
tremely unlikely found distributed over areas large the ver- 
tical projection the longest spans now being built. 

glad see the opinion expressed that lattice bridges longer 
than 100 feet should used. was, perhaps, natural that the reaction 
from tubular and long lattice bridges should carry the advocates pin 
bridges the opposite direction, such cause the writer 
well known set specifications former edition, require all 
through structures more than feet span pin connected. 
later edition has raised this limit 100 feet, and think should 
still further raised, though, perhaps, not the extent indicated 
Mr. Waddell. For single track, think that all bridges over, say, 140 
feet spun should pin connected; and for double track, all over, say, 
120 feet. Pin bridges may preferable for somewhat shorter spans, and 
for longer ones, think, they certainly are so, for well known reasons 
because the ratio dead live load becomes more considerable and the 
members larger, while lattice bridges longer spans the difficulty 
making proper connections becomes greater and the loss material be- 
comes considerable. 

The spindly, four-paneled, pin connected through bridges 100 feet 
long, which have been turned out the past even from the best shops, 
have not been admirable specimens design; and though present 
practice has modified some their defects, they still not any 
means the best that can used. course there ambiguity the 
determination the stresses bridges more than one system, and 
more rational far the determination these stresses concerned 
use one system only; but since the best bridge that one which 
carries given load most safely and economically, most rational 
use for any span that kind bridge which most nearly satisfies this 
definition; and all other engineering work, observation existing 
structures may modify theoretical conclusions. Observation well 
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designed and well constructed lattice bridges 100 feet long has shown 
them stiffer and safer structures than pin bridges the same 
length, and has yet shown that the best designed bridges this 
character cost more for maintenance, need renewal sooner than pin 
bridges. Because lattice bridges they used built, with webs 
connected one leg, angles the lower sides the top chord 
webs, etc., are not good bridges, does not follow that those the 
best present designers should not used. The writer does not mean 
inferred that does not consider single systems advisable 
most cases, but only that the use multiple systems excusable 

the use pony trusses, the increase the length plate 
girders rendered commercially possible advancements mill and 
shop practice, will probably soon away with them great extent. 

There seems question the correctness the present 
tendency toward riveted instead hung floor-beam connections, that 
is, when these connections are made that both channels the post 
act together nearly together; and giving greater rigidity, riveted, 
instead adjustable lateral connections, seem generally preferable. 
long stringers are spaced that the inside the guard timbers are 
outside their webs, can see sufficient reason, far safety con- 
cerned, for spreading them further for the flaring the guard 
timbers the ends the bridge should bring any train off the track 
inside these timbers, and the wheels will then inside the stringers 
also. the train far off the track that cannot brought inside 
the guards before reaches the bridge, mounts the guards while 
the bridge, accident almost sure result, whatever the 
flooring may be. The floor system adopted Mr. Waddell certainly 
matter fact, with ordinary 8-inch guard timbers, flared the 
ends the bridge, notched inch over closely spaced ties and bolted 
them and the stringers frequent intervals hook bolts; there 
seem few cases derailment which the train could not safely 
guided over the bridge, that is, those derailments which could 
taken care any floor. Most engineers know cases which 
derailed trains have been kept between such guards such floor for 
great distances. 

not doubt that the time will soon come when steel will wholly 
replace wrought iron, not only bridge work, but almost all struc- 
tures and machines which such iron now used. seems me, 
though, that there are few engineers who would care present use 
this material only bridges, exactly the same way that wrought iron 
used—with holes punched and not reamed tension well com- 
pression members—and unless used cannot said that 
practically cheap iron, for spans ordinary lengths least. But 
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even though wrought iron should not ruled out the specifications, 
there hardly seems much doubt about the advisability using 
steel properly throughout, even increased price. 

Mr. Waddell’s allowed unit stresses, good ones, for this material, 
and agree with him believing that irrational double the allowed 
live load unit stresses for the dead load. The theoretic deduction 
the effect suddenly applied load cannot, believe, properly 
applied this way, the application train bridge not sudden 
the sense above used, and the induced stress even the floor system 
cannot said due suddenly applied load. 

Am. Soc. E.—Live Load.—In the light past 
experience, the proper live load assumed the computation 
railway bridges, matter well worth considering. The old practice 
was uniform load ton per linear foot single track; this, with the 
short panels commonly used then, gave very weak primary members and 
floor connections, even for the light engines and cars The 
breaking floor beam hangers was common occurrence those days. 

The substitution train diagram composed one two typical 
locomotives followed uniform load, was improvement the old 
method. The writer introduced it, believes, for the first time the 
specification for bridges the Cincinnati Southern Railway 
The engines the diagram were the heaviest which were expected 
used the road that time. 

With the past now before us, may said that was mistake not 
provide for the future heavier load; this necessity was not 
evident then now; besides, has ever been popular principle with 
certain class wise managers take care the present and let the 
future take care The outcome this policy has been the re- 
newal large number iron bridges, which had their life—supposed 
eternal—shortened that wooden structures, the evolution 
American locomotives and rolling stock; great many more only owe 
their prolonged existence depleted condition the company’s 
treasury. 

seems matter common sense that the live load assumed 
calculations should not exceeded its effect the different mem- 
bers any actual load ever likely come upon the structure. this 
respect the usual arrangement two typical locomotives followed 
uniform train load, defective, inasmuch does not give the greatest 
stress all cases. For instance, the chord stresses will materially 
increased long spans the locomotives are supposed preceded 
well followed the uniform load; again, iron bridges, canti- 
lever bridges and continuous girders, larger stresses will occur certain 
points the web and chords when the live load supposed dis- 
tributed discontinuous manner over the bridge. This condition 
liable occur, and does occur quite frequently, bridges where trains 
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follow each other closely, and when from their position proximity 
yard, switching has done over them. The arrangement and dis- 
tribution the load should therefore prescribed that giving the 
greatest result each case. 

The distinction between engines and train the load diagram not 
important now was, for the reason that the train weight per 
linear foot has increased more rapidly than the engine weight per linear 
foot, the excess the latter over the former having been reduced from 
per cent. per cent. The fact remains, however, that 
the present form load diagram the most convenient represent the 
intensity the load desired, and not likely abandoned 
railroad engineers except for train typical engines, which being 
done some specifications. 

regards the use equivalent uniform loads for the purpose 
computation, simply matter choice with engineers. The parti- 
cular method calculation employed immaterial, provided leads 
correct results, and reasonable man will object the use equiva- 
lent uniform loads graphical construction, the stresses are accu- 
rately determined thereby. always well, however, check one 
method calculation another; exact coincidence result un- 
advisable keep the safe side adopting the larger figure every 
case. Uniform loads are generally used the computation arch ribs 
save labor, but the advantage gained the case ordinary 
trusses much less. The writer must take exception Mr. Waddell’s 
remarks the effect that the ordinary engine diagram cannot used 
conveniently for finding bending moments plate girders; has used 
this method for many years. The weight and moment diagrams, such 
given Mr. Ward Baldwin recent paper read before the Society, 
having been constructed, can used very expeditiously deter- 
mine, not only the maximum moment any point stringer, but the 
stress well, and the maximum reaction floor beams for any length 
stringers. These diagrams, which need not elaborate shown 
Mr. Baldwin, can readily drawn very short time, and their 
usage reduces very much the labor complained of. 

The avoidance the great variety engine loads now being used 
specifications great desideratum; great number them differ only 
slightly, but require, nevertheless, the construction independent 
weight and moment diagrams, which unnecessary burden and 
annoyance. Five six typical engine loads would cover the range 
requirements for all classes roads. The writer’s criticism the series 
types proposed Mr. Waddell That starts with too heavy 
engines for the lightest load, and ends with too light engines for the 
heaviest load. 2d. That all his engines are given the same length, 
whereas, rule, actual lengths increase with the weight. 3d. That 
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his driving wheel box somewhat longer than obtains actual prac- 
tice. The addition heavy passenger engine the ordinary load 
diagram good provision which should retained the specifica- 
tions. spite the tendency long panels, short ones will occur 
oceasionally, when the greater weight single pair drivers will 
the ruling factor. The application this wheel load check 
cial cases, certainly great burden the computer. 

Wind practice with regard wind pressure 
was pretty clearly shown Shaler Smith’s paper that subject and 
the discussion thereof published the the Society for 
1881. 

The practice about the same now was then, viz., pounds 
per square foot the loaded structure, the pressure the train being 
considered moving load; pounds per square foot the empty 
structure, the greatest result rule every case. new facts have 
come light since then warranting decrease these pressures; the 
contrary, bridges continue fall down from time time the track 
weights trains and engines have increased 
the pressure wind necessary overturn them. the pressure 
pounds the loaded structure has not been increased meet this altered 
condition, has been, suppose, the ground that train would 
likely venture bridge such hurricanes; still might caught 
there, which would reason for assuming heavier pressure than 
pounds for small spans least. 

After all that has been said the subject there seems good 
reason for reducing the pressures. The fixed amount per linear foot 
given certain specifications based the pressure pounds, and 
understood apply only tosmall spans. the actual surface exposed 
the wind not proportional the length spans, and will vary quite 
materially with the design for the same span, the writer has always pre- 
ferred compute the surface for each case; requires but little time 
so. 

There longer any doubt that pressure pounds and 
over frequently reached wind Shaler Smith 
his paper gave several instances well observed facts prove this, 
and one would disposed the results his observations 
who has seen the effect some tornadoes which have swept over differ- 
ent parts the country within the last few years. The width zone 
greatest intensity such storms admitted small; but surely 
this not sufficient reason for omitting altogether the consideration 
the effect these great pressures empty structures, especially 
when known that they are often accompanied lifting force 
unknown power which tends increase their effect the stability 
the structure. the writer’s opinion certainly risky assume less 
than pounds per square foot entire empty span, whatever may 
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its length. France and England, where the intensity the wind 
not likely greater than here, the pressure assumed empty 
structures generally above pounds. With regard the effective 
areas for wind pressure, the writer’s method computing them concurs 
with Mr. Waddell’s. 

the computation wind stresses the principal points difference 
seem be: Ist. Whether the transmission effects the upper half 
the truss should considered going through the top lateral bracing 
through the vertical transverse bracing. 2d. Whether the bottom 
end posts through bridges should considered fixed hinged 
laterally. The writer’s practice consider the transmission the 
abutments piers taking place exclusively through the top lateral 
system, this being the most direct course, and consider the end posts 
hinged the bottom, there being always enough play the pins 
allow free elastic deflexions laterally. These assumptions are the safe 
side. 

stated the paper, the effects the wind the chords are often 
disagreeable surprise bidders who neglect take into account 
the first place, the assumption that with the larger working stress 
allowable for the wind, addition the sectional area will required. 
For large spans the necessary increase section may very material. 
well also test the effect the lateral pressure the wind long 
and slim struts; the bending moment due the wind may require in- 
crease sectional area the remodeling the section. 

Styles and Proportion Bridges.—The writer agrees with Mr. Wad- 
dell, that for small spans which can shipped whole, riveted girders 
are preferable pin connected trusses; they contain more material, but 
this more than compensated their staunchness, and the fact that 
they can better stand neglect, point which, unfortunately, should 
always taken consideration. 

Pony trusses should not condemned without reserve; there are cases 
where their adoption dictated circumstances and proper regard 
for economy, as, for instance, where the crossings several small 
streams occur stretch level grade, with small elevation grade 
above high water which does not afford the necessary room for deck 
girders. Raising the grade for its entire length might too costly; 
the other hand, short approaches each bridge, introducing several 
humps the level stretch, would very objectionable, especially 
road where fast trains are run. trusses are the best solution 
such cases; they can always made entirely safe liberal treatment 
the top chord. 

The Pratt and Whipple systems web bracing, with vertical inter- 
mediate and inclined end posts and inclination diagonals approx- 
imating degrees, are probably the best forms trussing for economy 
and simplicity connections with the floor system. his later prac- 
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tice the writer has avoided the use the Whipple form account 
the theoretical uncertainty even distribution strains between the 
two sets web bracing, although believes this objection more 
specious than real. Beyond 200 feet the Petit truss advisable, 
reduce the length stringers and maintain the proper inclination 
diagonals. 

The writer agrees with Mr. Waddell giving preferences the 
strut over the ties subdividing the panels; although done the 
expense more metal, the use the strut avoids all ambiguity 
the distribution the load and adds the rigidity the structure, 
The fact that one-half the floor beams are suspended the Petit 
truss not objection they are properly connected the chord. 

Beyond 250 feet polygonal shape the top chord advisable 
the ground economy. better accomplish this object the angles 
should suitably selected maintain continued increase the 
stresses the web members from the center the ends the span. 
Polygonal top chords when properly designed are, the opinion the 
writer, more pleasing the eye than straight chords long spans. 
The ordinary rule feet clearance between trusses will generally 
give ratio between distance from center center trusses and length 
spans, greater than this ratio can safely reduced for long 
spans; beyond this the working stress per square inch the top chord 
should reduced proportion said ratio the formula for com- 
pression members. 

The proportion between the depth and the distance from center 
center trusses cannot formulated fixed rule; the economy, 
stability and rigidity the structure, are the principal elements the 
question, which should all duly considered. The limit tol 
seems high enough; with width equal one-twentieth the span, 
this would lead depth truss equal three-twentieths the span, 
which not generally exceeded for long spans. 

The necessity properly designed guard rails and rerailing devices 
universally recognized, but the advantage increasing the clearance 
from feet spans moderate length questionable. Such 
increase would add materially the cost the lateral and floor sys- 
tems, and would not likely prevent the class accidents against 
which guard rails and rerailing devices are ineffective, such col- 
lisions, broken axles and broken tracks. 

deck spans very desirable, when practicable, carry the 
masonry the top chord, secure greater stability and rigidity. 

All adjustable parts bridge should avoided possible, for the 
reasons that they seldom stay adjustment, that they are consequently 
source expense maintenance and that they are often overstrained 
incompetent men. The writer has seen the end bars the bottom 
chord 150-foot span buckled the overstraining the end lateral 
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rods; makes rule now use riveted stiff diagonals the bottom 
lateral system through bridges and the top lateral system deck 
bridges; also avoids adjustable counter rods making all the web 
members, where reversion stress liable occur, able resist 
tension and compression. 

The riveted connection floor posts open the objec- 
tion inducing tension the upper rivets and bending moment 
the post. the shore spans the Ohio River Bridge and the 
Kentucky River Bridge, the Cincinnati Southern Railway, where 
this form connection was adopted, the top rivets get loose and have 
renewed from time time. This can avoided top tension 
bolt sufficient strength resist the flange stress the beam con- 
sidered fixed the ends the safe side; the bending moment 
induced from the beam should also duly considered proportioning 
the post. Unsupported tension rods bars great length are injuri- 
ous the rigidity the structure and should avoided. not 
always convenient preserve fixed proportion between the length 
bars and their depth section, and there seems necessity for 
doing the fiber stress induced the weight long bars taken 
into account proportioning the bars; the best plan, however, 
support the bars properly. 

The first requisite safe deck impenetrable derailed 
train. The ties should strong enough resist individually the impact 
from the heaviest wheel load; they should firmly fixed position 
and spaced close enough prevent bunching under the raking the 
derailed wheels. The writer uses 4-inch space between ties; every 
tie locked laterally the stringer web projecting inch above the 
flange angles; this better than dapping the ties the stringers, 
requires less labor and avoids the danger splitting the ties the shoul- 
der; every tie fastened the outside timber guard five-eighths- 
inch lag.screw and every third fourth tie bolted the stringers. 
Lag screws are preferrable bolts, which will lose their nuts and drop 
off. 

the Cincinnati Southern Railway bridges the inside face the 
timber guards were all lined with 3-inch angles; these angles had 
taken off; they got loose time the effect temperature, 
curving and out line the ends, and becoming source 
danger instead safeguard. addition the outside timber 
guard, the writer uses inside guard rail made old second-class 
rails laid with inside shoulder braces. Both guards are inches from 
the head the track rail, sufficient space for wheels run without 
skewing. safer use long ties with auxiliary side stringers, the 
main stringers being placed directly under the rails. Where this not 
allowable the ground economy the main stringers are spaced from 
feet, according length floor beams, and the ties proportioned 
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accordingly with minimum depth inches. When practicable the 
deck should hard timber. For the reasons given Mr. Waddell, 
long leaf yellow pine perhaps preferable oak, but the objectionable 
features oak are very much lessened care taken lay every stick 
with the heart side down; that position will not split and check 
under the action the sun, and will last much longer. 

Intensity Working Stresses.—There seems exist without sufficient 
reason therefor great diversity opinion among American engineers 
with regard the proper working stresses. 

The experiments made Wobler and Spangenberg, under the aus- 
pices the Prussian Government, and the Launhardt’s formulas which 
have been deduced therefrom generalization extending beyond the 
scope the experiments, seem responsible large measure for 
this state things. have apparently been too hasty adopting 
these formulas without sufficient investigation. The engineers Eng- 
land, France, Belgium, Holland and Prussia, who follow very closely 
what being done their neighbors, have, rule, left these formulas 
severely alone. All that can claimed legitimate conclusions from 
Wohler’s experiments are the facts, heretofore suspected but not proven: 

First.—That intensity stress intermediate between the ultimate 
strength the metal (as measured single application load) and 
its limit elasticity, will always produce rupture, provided the number 
applications sufficiently great. 

Second.—That within the limit elasticity, the metal will stand, 
without breaking being injured any way, indefinite number 
applications, whether the stress always the same direction 
alternately tension and compression. 

the writer correct this statement, forced the conclu- 
sion that formulas deduced from experiments crippling 
stresses cannot apply any scientific process reasoning elastic 
stresses, the only ones with which are concerned. The single 
teaching the German experiments is, that the working stress should 
never exceed the elastic limit. Now comes the question: the elastic 
limit the theoretical maximum working stresses, how near this 
limit can come practice? The question can only answered 
practice itself, which have guide length thirty forty 
years the construction metallic framework for bridges 
ings, and great deal more the construction machinery. 

Before going further, well have clear understanding 
the precise meaning the term working Where there 
motion the effect the external forces entirely static; where motion 
exists, dynamic effect added which due vibration and impact. 

Impact itself due directly shock the rapidity with which 
the force applied. have, unfortunately, accurate method 
equating dynamic into static effects occurring bridge members, 


DISCUSSION RAILWAY BRIDGE DESIGNING. 181 


but know that the maximum effect impact, leaving out shocks, 
double the static stress, and know that the effect vibration in- 
creases the mass the strained member decreases, and also 
affected the length the member. With this information and the 
result observation and experience guide us, can always approxi- 
mate for each particular case the equivalence dynamic into static 
effect and deal finally with the resultant static stress. This resultant 
what shall call the working stress.” With this understanding, 
can safely assumed that working stress equal one-half the 
elastic limit will always give This assumption justi- 
fied the own experience and that others, far in- 
formed. Who heard sound piece metal, working ordi- 
narily within that limit, giving away? 

paper read recently (September, 1891) before the French Society 
Civil Engineers, Contomin, Engineer for the Northern Railway, 
gives some reliable instances iron and steel working successfully for 
number years under these conditions: 

First.—In the case two iron bridges built 1854 and 1855, and re- 
cently renewed account increase the rolling load, tests speci- 
mens taken from the principal members the old structures showed 
that the iron had preserved all its original qualities after service 
thirty-five years under working stress little more than one-half 
the elastic limit. 

tests made specimens cut out the heads and 
flanges old rails which had been twenty-three years the track and 
finally taken out account wear, showed that the steel (60 000 
pounds elastic limit) had preserved every particular all the qualities 
required the specitications for those rails its working stress 
service had been 000 pounds. 

Third.—By careful calculation, taking into the elements 
tending increase internal stresses beyond what they would undera 
static load, Contomin shows that the working stress locomotive 
axles the Northern Railway exceeds but slightly one-half the elastic 
limit the steel, which this case 000 pounds, the steel being 
about the same grade our medium structural steel. This metal 
ordinary service subjected nineteen reversions stress per second, 
passing from zero equal tension and compression. These axles never 
break, being always finally condemned account wear. 

one-half the elastic limit may considered safe maximum 
for the working stress practice, the other hand the margin which 
gives the theoretical maximum not too much cover the prob- 
able errors made converting the dynamic effects the rolling load 
into static values;—the secondary stresses due the deformation under 
load, the unequal distribution stress through large sections, the pos- 
sible hidden defects material, and other accidental causes increase 
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stress. Therefore, the writer’s opinion, one-half the elastic 
limit the proper working stress adopt, and hopes see Laun- 
formulas and their derivations dropped every one concerned 

interested bridge building, because they are not only burdensome 
application, but lead incorrect proportionings which, extreme 
cases, amount absurdities. 

The assumption, made some engineers, that the effect the roll- 
ing load all parts railway bridge twice great that equal 
dead load, manifestly erroneous, and the assumption that the effect 
the live load highway bridges the same that equal dead load, 
excepting the variations due the transient nature equally 
incorrect. evident that the effect impact and vibration must 
vary with the rapidity application the load; that greater 
the floor members and the primary web members, and decrease for 
every member the stress that member composed greater 
number accumulative parts from different panels. The writer's as- 
sumption his specifications that the dynamic effect the load 
railway bridges will exceed the static effect the same load 100 per 
cent. the riveted connections stringers and floor beams, that this 
excess will reduced per cent. the primary members, and will 
decrease zero the end 500-foot span. The percentage 
added for impact can then readily found for each member the 
formula for interpolation, 

250 


where the distance the members under consideraiion from the 
cenier the span. the formula 000 used Mr. Wad- 


dell for hinged vertical posts represents fairly the results actual tests, 
would more convenient apply than Rankine’s formula. This 
matter investigation. now have sufficient number tests 
record full size parts different shapes verify the formula. 

should not lose sight the fact, however, that reliable form- 
ula for the working stress compression members can deduced from 
past experiments, for the reason that all these experiments have been 
made determine the ultimate strength the struts experimented 
upon; less care and uniformity method having been used determine 
their elastic limit, which should the proper basis for the working 
stress. There greater desideratum the present time for engi- 
neers interested metallic construction than exhaustive and system- 
atic set experiments the elastic limit large compression mem- 
bers, where the influence the four principal factors, viz., quality 
material, shape cross-section, ratio between length and radius gyra- 
tion and nature end attachments, would correctly determined. 
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With regard Mr. Waddell’s reference the value the working 
stress for steel post, deduced from the writer’s specifications, which 
considers excessive, seems sufficient say that this value well 
within one-half the limit elasticity the metal, and therefore en- 


tirely safe; considering that the ratio being supposed less than 


50, the flexion formula for posts does not apply. also well bear 
mind comparing values werking stresses different specifica- 
tions, that where they include the effect impact reduced static value 
they must necessarily greater than where they not. 

Combined Stresses.—For wind stresses combination wind and 
other stresses, the writer specifies maximum working stress per 
cent. excess the working stresses without wind, which equivalent 
allowable account the rare occurrence winds such intensity 
are assumed the calculation. Formerly this working stress was taken 
three-fourths the elastic limit; has been reduced the writer 
five-eighths, consideration the rhythmic action the wind, which 
causes certain amount impact and considerable vibration. 

The writer concurs with Mr. method treatment the 
end posts through bridges, excepting the maximum value 
the working stress under the combined effect the wind and other 
loads, which thinks should not exceed five-eighths the elastic 
limit explained above. seems inconsistent admit 20000 and 
000 pounds for the combined action the wind, when the working 
stress without wind limited 9000 pounds. hope Mr. Waddell 
will give his reason for doing so. 

Referring the subject plate girders, the web, made thick 
enough give sufficient bearing for the flange rivets, will generally 
with proper stiffening found ample strength. The only point 
likely weak the ends, especially the height there has been 
reduced for shallow seat; may necessary reinforce the web 
with thickening plates addition the stiffeners. Deep plate girders 
with thin webs properly stiffened, act more like trusses than solid beams; 
although the web plate participates small extent resisting the 
bendings, safer assume that the whole duty falls the flanges. 
The web generally spliced with regard shearing only; relied 
upon resist any part the bending moment, should spliced 
accordingly, and wider plates and greater number rivets will 
required than are generally used. When flange plates have used, 
important have much practicable the flange angles, 
they are certainly strained more than the plates, owing the eccen- 
tricity the web attachment and the unequal distribution stresses. 

General Details the writer’s opinion, the details 
and the general design are equal importance, because all the ad- 
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vantages good design may lost through faulty details. Greater 
progress has been made perhaps the design details then any 
other branch the art. are yet too far from perfection rest 
fixed standards, even for ordinary spans, should, for the purpose 
criticising our own work, keep mind the principal characteristics 
good details, viz.: arrangement such will secure the inde- 
pendent action the several parts, intended the general design, 
and prevent one class members from sharing the duties another, 
doing work which was not designed 2d. The avoidance, 
far practicable, secondary stresses, such bending moments 
tension and compression members, which are liable overlooked, 
causing excess working stress these members, properly 
considered, leading expensive increase sections. 3d. 
disposition parts that will insure nearly possible uniform dis- 
tribution stress through the sections, which requires close coinci- 
dence the resultant lines stresses with the centers gravity 
sections. 4th. the above conditions cannot entirely fulfilled, the 
details should such least permit analysis, that will 
leave ambiguity the distribution stresses. 5th. Tension 
rivets should entirely prohibited, and the position field rivets 
should such give ample room for good work. 

The and 5th conditions should prohibit the riveting both ends 
stringers floor beams, excepting for very short spans. best 
have riveted connection one end only each stringer, with slip 
joint the other. This way prejudicial the rigidity the 
stracture, which entirely secured the horizontal lateral system. 
continuous length 150 feet rigidly connected stringers too great; 
the elastic elongation the chord for that length due the live load 
would the neighborhood one-third inch, which sufficient 
create very objectionable tension the riveted connections and undue 
stresses the stringers and floor beams. 

The writer agrees with Mr. Waddell condemning beam hangers, 
with screw ends, but does not see any objection the suspended floor 
beam properly connected otherwise with the chord transmit the 
wind stress; secures better distribution the panel load the 
panel point than riveted side connection the beam with the post. 
double track bridges the riveted connections posts are open the 
further objection unduly straining the rivets and causing undue 
bending moments beams and posts, owing the unequal deflexion 
the two trusses when one track only loaded; this probably the rea- 
son for prescribing suspended floor beams double track bridges 
the Atchison, Topeka and Santa road. 

The writer would not dispense with the reaming rivet holes 
mild steel, and believes reaming iron well when full duty ex- 
pected from the rivets. Reaming the only sure way securing 
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exact coincidence rivet holes, which essential condition for good 
Another reason for not dispensing with reaming steel plates 
the well known fact that hard spots are frequent occurrence the 
softest steel. 

The length stay-plates the ends compression members 
very important item; their distribute the stress uniformly 
through the section; and they should long enough and have sufficient 
number rivets the most unfavorable case that can and does 
happen, where the bearing altogether one side the post. The 
influence the end plate the carrying capacity built posts was 
clearly illustrated several instances column tests made the 


writer. 


The latticing between posts should also made stronger and more 
substantial than generally done; should proportioned the 
weight the post, and the lattice bars made stiff enough preserve 
their shape handling members before erection. bars area 
noticeable feature nearly every bridge through the country; this 
proof enough that they are generally made too weak. 

Am. Soc. E.—Although bridge designing has 
been one the leading subjects investigation among the engineers 
this country for generation past, the subject means worn 
threadbare, and from this résumé disputed points Mr. Waddell, 
the conviction strengthened that enough still remains keep the 
subject well the front for time yet. There one fact which 
the author states concerning live loads bridge calculations that should 
not lost sight considering different methods calculation, viz., 
must acknowledged, therefore, that all assumed loads for com- 
puting stresses bridges are merely typical.” The engine diagram 
nicely drawn scale, with its careful spacing, its large driving wheels 
and its small leading and tender wheels, look rational and real that 
little wonder that find ourselves looking upon showing 
the exact loads taken care of; but is, fact, only approxi- 
mation. Probably the nearest approximation use, and yet not near 
enough warrant the condemning simpler substitute account 
discrepancies per cent. the results. 

not disposed the extreme views entertained some, that the 
use engine concentrations has been unmixed evil this country, 
but strongly the opinion that the average railroad bridge built 
during the past ten years, better proportioned account it. The 
results obtained from its use seem give satisfaction, and are what the 
advocates uniform loads are trying obtain, and they are willing 
accept them the standard for checking their shorter methods. For 
that purpose, believe this method should still retained; but for the 
every-day work the engineer dealing with ordinary girders and 
trusses, seems analogous the taking ground readings the 
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nearest hundredth foot ordinary earth-work cross-sectioning. 
The result vast amount office work with quantities carriéd out 
three four places decimals, but actually nearer the true volume 
than could have been obtained from half the work. the expert, 
who from continuous practice enabled apply numerous short-cut 
rules his computations, the engine concentration method burden 
grievous the borne,” what relatively the railway engineer, 
who, addition his other manifold duties, called upon check 
the calculations half dozen bridge companies every time 
allowed replace old wooden with new metal bridge—this per- 
mission usually occurring such rare intervals that letting” 


finds himself rusty the subject was the former. The 


results which Mr. Waddell has obtained for truss spans are especially 
gratifying. the variation found greater with different. 
panel lengths, ranging from feet, would seem amply accurate 
for ordinary use. 

Much routine labor may also saved both the railroad and bridge 
engineer, the more extensive adoption standards. There are, 
course, cases every railway system any considerable extent, where 
the most complete set standards must, from local considerations, 
discarded, but such cases are not numerous. preparing such stand- 
ards attempt should made include skew and such other ex- 
ceptional structures bridges for spanning large navigable rivers, 
but all ordinary cases may fully covered. The length should vary 
more than feet spans 150 160 feet and for longer spans 
not more than feet. Some engineers have adopted stand- 
ards, good far they go, but varying great length that 
too many cases they lead either useless extravagance dangerous 
economy. With spans varying feet, there is, perhaps, much 
danger making, any particular location, the opening feet too 
short feet too long, depending, course, somewhat how 
prominently the economic needs the company are impressed upon 
the mind the engineer. The proposed increase clear roadway for 
through bridges, would doubtless give additional may 
well carefully considered engineers preparing standards. 
Where piers abutments are high, the increased roadway, course, 
adds quite item the cost substructure. 

Probably the next consideration order importance, after de- 
termining lengths spans and widths roadway, depth floor 
system and number and spacing track stringers. These dimensions. 
should all fixed before proceeding design standards for sub- 
structures. There should also standard designs for the flanges 
stringers, facilitate the sizing and framing cross-ties the 
shop. This especially desirable where timber creosoted. 
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Where roads pass through thickly settled districts, will well to- 
design special floor system the least practicable depth for 
head crossings. With our present knowledge and experience, the 
standardizing bridge superstructure, need not stop with the 
five sets dimensions already mentioned. Before commencing the 
permanent bridging line, the Chief Engineer, together with 
expert, necessary, should take the subject systematically and 
prepare complete designs for standard spans. Avoid such unusual 
shapes and details cannot readily produced any well equipped 
bridge shop. 

any such set standards there will, course, defects, and 
will found time that the designs are behind the times. 
and revision necessary. the meantime the engineer will, 
however, have gained experience from the use several bridges 
kind under identical conditions service, which will 
him determine whether the defects developed are faults 
material, workmanship, design, with much more certainty than 
could if.each structure was made from separate 
design. would also avoid the unsatisfactory task wading 
through half dozen more sets plans and checking many 
sets calculations for every, bridge contract let (usually 
great hurry, when iron bridge decided upon, 
wanted right away), and finally adopting, account price, 
bridge less desirable than intended, because some bridge com- 
pany had taken advantage some loophole the specifications 
and places without actually violating their require- 
ments. That our American method bridge letting, which has. 
stimulated competition designing, well workmanship and 
prices, has been potent factor bringing the American railway 
bridge its.present state doubtless true; but 
also equally evident, that very many cases, this competition 
design has been carried too far. There seems now sufficient 
uniformity the designing ordinary spans justify the calling 
halt this branch the competition. the railroad com- 
panies spend some the money which such designing costs, more 
liberal details and better floor systems. 

rational formula for the working it. 
seems should begin with strictly static loads. Starting from 
this basis, the effect impact and vibration caused different kinds 
variable moving loads may provided for, either additions 
calculated stresses, subtractions from dead load intensities. 
comparing several sets specifications common use, find 
ordinary intensities, tension members, railway bridges, be, for 
about per cent., and for plates and shapes about. 
per cent. the specified minimum elastic limit the 
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comparing specifications for iron work only, the deviations prac- 
tice are found somewhat less; with long compression members, 
course, practice differs much greater amount, yet very rarely 
the extent shown the author comparing Mr. Cooper’s with 
Mr. Bouscaren’s specifications, the rather exceptional case 
post which carries dead load. But even that case, read 


specification (1890 Edition), the actual working in- 


tensity would reduced (from the 000 pounds per square inch 
stated) his addition live load stresses, provide for 
impact and vibration, viz. 


web members trusses per cent., where 


d=distance member from center truss.” If, therefore, the 
post under consideration the third panel point 250-foot span 
with 25-foot panels, feet from the center the truss, the added 
allowance per cent. the live load stress and the actual in- 
tensity becomes 000 1.4 571 pounds per square inch, about 
per cent., instead 100 per cent., over that obtained Mr. 
specifications—still, however, quite serious discrepancy. 
can hardly hope that all differences opinion concerning 
tensities working stresses,” will reconciled the near future; 
least, till there more uniformity the quantity metal used 
well workmanship construction, followed systematic series 
tests full size members establish safe mean for all desirable 
lengths and shapes. But all bridge engineers could agree begin 
the solution the problem the same end, and consider the strains 
from each kind loading separately throughout, Mr. Cooper now 
doing truss members; seems more than probable that many the 
present differences, which are often more the result individual taste 
the use formulas than evidence obtained from independent in- 
vestigations experience, would gradually disappear. 

any part bridge must skimped, certainly should not 
the floor system, and this should apply ties and guard rails well 
the stringers and cross beams. practice bolting down 
through the stringer flanges instead using hook bolts good; not 
that the hook bolts are inefficient, but one features 
floor should the absence bolt ends, nuts and other projections 
which would catch anything sliding over it, brake beam broken 
down truck car; therefore the bolt should pass down through the 
flange, with nut the lower end, while the head and washer 
should countersunk into the tie guard rail whenever the stringer 
spacing will permit. The bolting every tie the stringer seems 
unnecessary, especially with stringers feet apart more. The 
dapping guard rails inches over ties with only 5-inch spaces be- 
tween daps objectionable, although the 2-inch projection, acting 
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block,.gets better hold the tie than aless depth 
would; but more likely split off and lost entirely. Probably 
the surest way prevent the bunching ties bridge means 
separating blocks securely fastened between the ties. Where the 
stringer spacing wide, long deck girder bridges and viaducts, 
requiring tie considerably mere depth than breadth, very satis- 
factory results have been obtained uniting them pairs means 
bolt and separating block each end, with separating blocks also 
between the pairs. 

Oak timber more apt warp and seasoning than pine. 
These defects can, great extent, obviated little attention 
the felling trees the proper time and protecting the timber 
from sun and wind while seasoning. ties should nearly square 
section nine ten inches, the timber warps less than when 
one dimension much greater than the other. Oak holds track 
spike better than pine, which desirable quality, for, besides the 
danger the track spreading when spikes get loose, water follows 
them into the wood and decay begins. not understand that pine 
exempt from dry rot, least some kinds mountain pine are 
affected. 

re-railing devices and collision piles are used, they should 
placed far away that whatever good evil they derailed 
car may fully accomplished before the car reaches the bridge. 
Neither the number nor efficiency guard rails should reduced 
account such devices, for sometimes happens that truck 
slewed that will not keep the track for any distance, even effectu- 
ally replaced such means. 

Bridge ties should ample dimensions and closely spaced, 
with least inside and outside guard rails made smooth and continu- 
ous the full length the structure—for the same reason that bolt 
ends, nuts, etc., should not allowed project above them. When 
ties are close spread, more feet length, suitable, well sea- 
soned chemically prepared timber, they aggregate considerable 
item expense, and their preservation becomes subject worth care- 
ful consideration. Bolt and spike holes are doors for the admission 
moisture and their number should reduced toa minimum. The 
cuts and bruises from the flanges pair wheels off the 
track may reduce the life set ties one-half. This fact, to- 
gether with the desirability reducing the shocks produced de- 
railed wheels, has led the consideration this proposed plan (Plate 
which is, for the most part, combination several well 
tried features picked from the practice different railways. The 
separating blocks for 4-inch clear spacing will weigh about 
pounds each, and may secured each tie with wood screw, 
pairs each alternate tie, with maching bolt. ties are creo- 
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soted these holes may bored before treatment. Where separating 
blocks are used and stringer spacing will permit, the holding down 
bolts may merely pass between the ties, engaging only the guard rail 
and stringer flange. 

The turning the horizontal edge the angle iron used for the 
inside guard rail toward the rail, providing asmooth path for the flange 
derailed wheel, not new; but the addition plate for the same 
purpose outside the rail and riveting both angle iron cross bars in- 
stead bolting spiking the ties, are only the propositions for the 
consideration those who may interested the improvement 
bridge floors. the company can afford old light rails for addi- 
tional inside guards, shown the left half the plan, the security 
will increased. Longitudinal planks covering the ends the ties 
may also service. 

Joun Am. Soc. E.—The paper recently pre- 
sented the Society Mr. Waddell embraces subjects 
the greatest interest important branch engineering and such 
should thoroughly discussed requested the author. The first 
point the paper which there certainly great difference opin- 
ion, fixing the limit which plate girder construction shall 
used, 100 feet. the opinion the writer this limit much too 
great and not wise expenditure money pay for the extra 
cost construction spans over feet. Above this length the 
chords and diagonals well designed lattice girder are necessarily 
such size admit satisfactory arrangement rivet spacing 
important connections, make possible have the centers 
gravity the various members intersect one point, that the 
question secondary stresses reduced one little practical im- 
portance. engineer with the latest improved system power 
riveting his command does not seem warranted adopting plate 
girder construction over feet lengths. This extra expense not one 
simply extra metal, but extra shop cost, handling and erection the 
field. Again, lattice girder internal forces act along well defined 
lines, and this respect more nearly approaches the perfect 
pin-connected truss and differs materially from the plate girder, 
which, Mr. Waddell suggests, the exact manner stress distri- 
bution open question. The lattice girder design can econom- 
ically and satisfactorily used spans 135 feet; beyond this the 
sections become unwieldy for riveted connections and the pin style 
truss should used. this day, with many numerous examples 
about him, engineer should upheld using anything but 
single intersection main web system for the longest and heaviest truss 
spans. 

Live Loads.—Under this heading Mr. Waddell strongly advocates 
the adoption standard uniform live loads, against wheel concen- 
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trations; not that the more exact method, but order relieve 
the burden the bridge computer. The writer well aware the 
unnecessary work put the bridge engineer, but thinks not 
Mr. Waddell intimates, simply being called upon use 
wheel concentrations determining the stresses various members, 
but the innumerable kinds loading, differing inch two 
wheel spacing and few pounds weight axles. That com- 
putations wheel concentrations for fixed load, give the more 
exact result not disputed, and certainly the manner which 
loading applied railway structure. would seem more 
logical adopt certain standard engine and train loads, and wheel 
spacing. 

adopting heavy and light type for the Consolidation,” 
Mogul,” and engines, and light and heavy train loads, 
all cases would covered. With these two types settled upon and 
moment tables figured, the computer would soon familiar with the 
loading which would give maximum results without trial, and 
question whether would not the easier method, certainly 
the better one present the average railroad officer. The latter 
would always question the propriety using uniform load, even 
though might really closely approximate equivalent load, 
when aware that his bridge subjected the action loads 
placed through axles and wheels. The writer believes that much 
more can said against the ridiculous variety types than against 
the method computing stresses; also believes that the great 
number specifications which every railroad consulting engineer, 
and inspection bureau, seem think absolutely essential should 
used designing their particular structures, are the cause 
much the greater part the bridge engineer’s work. one not 
actually engaged the designing and constructing bridges has any 
conception the mental labor involved nor the wearing effect being 
compelled work with these myriad specifications, differing often 
really minor particulars; but these differences must not overlooked, 
they are each and all considered vital importance the author 
the specifications. sample these differences, prominent 
railroad company calls for its steel eye-bars fill the following specifi- 
cations: 


Ultimate strength least 000 pounds per square inch. 


Elastic limit least 000 pounds per square inch. 
Minimum stretch per cent. 


While another equally prominent company believes essential 
order secure first class work have its eye-bars, having precisely 
the same duty perform those first mentioned, manufactured 
according the following specifications: 
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Ultimate strength least 000 pounds per square inch. 
Elastic limit least 000 pounds per square inch. 
Minimum stretch per cent. 


This only out hundreds the differences met with, 
and fact hardly fair sample order make point, forin such 
important member eye-bar there may some excuse for great 
difference opinion the best specifications and best mode 
manufacture follow. There are many cases known, which there 
appears not the slightest reason excuse for from the 
regularly accepted practice. The parties society that are instru- 
mental securing standard bridge specification, say two three 
standards (as would probably well provide for first, second 
even third class construction and loads), would indeed entitled 
the gratitude not only the bridge engineers the country, but that 
sorely burdened class, the bridge constructors. next impossible 
for these constructors arrange their shop practice and mill pro- 
cesses, meet the various whims all authors specifications. 
would seem this matter standard specification could 
settled upon much easier than standard uniform loading, and fact, 
specifications continue added the present long list, the 
question must met. long engines and cars are used load 
structures, will always more rational use typical engines and 
cars designing them, and the opinion the writer must look 
the Specification relieve the sorely tried computer 
whose interest Mr. Waddell has taken the subject. 

Waddell’s timely paper, would say, that his remarks the flimsiness 
web systems resulting from excessive curvature top chords recalls 
the controversy this subject which raged the early fifties. The 
builders arched bow string bridges thought the world could get 
along with spider web systems bridges; the Howe truss men admitted 
that arches had their uses occasionally, but only auxiliaries trusses 
with heavy web systems, and McCallum combined the two plans 
mounting arched top chord end arched braces, and lightened 
his web system about proportionally. committee engineers 
examined and reported McCallum bridge 200 feet span over the 
Susquehanna River Lanesboro, Pa., and 1852-53 much our en- 
gineering class-work Pittsburgh was devoted the discussion this 
subject. the fullness our wisdom decided that McCallum’s 
combination the two plans was worthy our valuable commenda- 
tion, but that was not the first build bridges embodying such 
combination; measured, illustrated, computed and discussed sev- 
eral small bridges Allegheny County which had laminated curved 
top chords, vertical end posts, and variously inclined braces and rods, 
all reported the neighbors have been built Jim Finley,” the 
man who first built iron suspension bridges this country. 
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Some the Howe truss men were impressed McCallum’s busi- 
ness success (if not his arguments) that they began arching their top 
chords, and notable example this practice was the Rock Island Bridge 
over the Mississippi River, which was removed when the present iron 
bridge was built the late Baltimore Bridge Company 
the Rock Island Howe truss the web systems were heavy they would 
have been had the chords been parallel, and this also the case the 
curved top-chord bridge built 1867-89 over the Missouri River 
Kansas City, President Chanute. The practical aspects such cur- 
vature were carefully looked into 1869-70 the late Shaler Smith, 
Am. E., and myself, the Western office the Baltimore 
Bridge Company, connection with plans for proposed tripartite 
bridge Pittsburgh; and found that double intersection truss with 
radial posts and parabolic top chord required theoretically the least 
material. The attenuated web system, however, seemed need 


the addition about much gratuitous metal would wipe out this 


advantage, and the shop and erection costs were excessive and the 
raking posts necessitated suspended floor system, dropped the 
subject business way, although patented the radial posts being 
the only feature that had not been anticipated the Jim Finley and 
other curved top bridges. The radial posts, the way, had been first 
used designs for canal bridge manufactured the 
Tredegar Works Richmond, for Shaler and Fred. Smith, and this 
bridge, together with three 100-foot spans Fink truss, which had 
hand for Chief Engineer Whitcomb, Am. E., for 
Jackson River, Virginia Central Railroad, were stopped the outbreak 
war 1861. 

the matter suspended floor systems, note that some men who 
advocate this practice for modern beam trusses have omitted the 
ing clause,” speak, which was used the builders the old 
suspension trusses and the earlier beam trusses, the use com- 
pensating suspension link and longitudinal strut-ties between the 
ends the floor beams, all fixed that the lateral vibration was car- 
ried directly the masonry without affecting the truss, and the truss 
could expand without affecting the floor system. the absence 
compensating suspension links, suspended floor system, bolted 
tightly against the bottoms the posts, will develop sooner later 
some openings between the ends stringers, and such openings 
had best included the design, Mr. Waddell states. This 
equally true when the floor beams are riveted between the posts, 
either above below the chords, unless indeed they should the 
neutral line the truss; but trouble from such openings between 
stringers need not looked for except very long spans. 

The north span, 255 feet long, the Susquehanna bridge the 
and R., Havre Grace, designed and built 1873-74 the 
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late Baltimore Bridge Co. (the shop work being the first output the 
Edge Moor Iron Co.), has floor beams riveted bolted between the 
posts above the chords, with stringers between the floor beams fished 
each other over the beams, and resting and bolted end floor beams 
which ride the end post shoes. This north span fiattened its rollers 
somewhat, but the remaining eleven spans this bridge built subse- 
quently with the same details the Baltimore Bridge Company 
and the Phenix Bridge Company rolled freely, and have never seen 
heard any serious distortion other trouble arising from differ- 
ences expansion contraction between the floor system and the 
chords. These stringers, however, are bolted (not riveted) together, 
the purpose being allow for expansion each joint. have always 
used the above described end floor beams riding the end shoe, and 
fully agree with Mr. Waddell that very necessary. the con- 
ditions are such that suspended floor beam necessary, rivet 
extensions the posts below the chords and rest the stringers slid- 
ing shoes the wall, and attach them and the lateral rods struts 
which move with the end shoes, and thus keep everything drawn taut. 

Mr. Waddell undoubtedly right advocating long panels and 
single intersections, and subdividing these panels long spans, but 
not all convinced that carrying the sub-panel load the 
rear, any other device, can effectually support his top chord 
with sub-post mid-panel. There have been removed and replaced 
this year several spans what called the ‘‘sub-truss Quadran- 
gular” bridge, built 1868-69, the old Cincinnati and Balti- 
more (now and W.) Railroad. These spans were built carry 
such wheel loads iron rails would carry, and although they had 
recently been crowded beyond double duty, they never let go. The 
sub-truss eye-bars ran fore and aft the heads the main posts, and 
had use full panel lengths figuring top chords overgrade 
spans, found that the sub-posts slacked away from the top chords 
under loading, just Fink trusses. The sub-truss does its work 
independently the main truss, and puts local and secondary girder 
strain the top chord the sub-post attached thereto. While 
the subject top chords, wish express satisfaction that 
many specialists are now using chord joints which the joint line cuts 
the pin center and the sections are held together the passage the 
pin through inside and outside overlapping plates with field rivet- 
ing. When first used this 1878, New River Bridge, 
and (now Norfolk and Western), was irreverently described 
moderately good bridge joint, but has made its 
way, and now very general use. 

Mr. Waddell’s position using equivalent uniform 
live loads well stated and argued him, and for one, will very 
glad welcome his proposed contribution tables therefor the 
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Society; but hope will include approximate percentages error 
the safety the danger side the line, and also some modifica- 
cations engine loads cover the case the decapods. The rule 
for finding floor beam concentrations using one panel length the 
equivalent uniform load per foot for span two panel lengths 
the discovery and announcement which made Mr. Waddell 
his pages 6-7, has long been use office, and was fully ex- 
plained some years ago Mr. Edwin Thacher paper Western 
Engineering Society connection with his very valuable tables 
equivalent distributed loads published the Keystone Bridge Com- 
pany’s specification 1887. 

Mr. Waddell’s proposition for all join abolishing such 
superfiuities the second powers lengths and radii, one that 
would very much like see carried out will suggest substitute 
which will change the method without materially changing the results. 
good many computers have attacked this problem the hope 
lightening their own and others’ labors, but consensus has been 
reached, and there are yet work some men (engineers, too), who, after 
proportioning squares radii, not sleep well until they have 
again gone over their work terms diameters. Possibly their brain 
matter has crystallized. 

the matter intensity working stresses constituting Mr. 
Waddell’s Group offer some suggestions the way items 
from specification upon which have just received tenders for about 
600 tons riveted lattice girders and columns, and pin 
connected spans for the North street viaduct Baltimore. Under the 
combined live and dead loads, working strains per square inch ten- 
sion steel and iron members having net sections square inch 
less, shall not exceed per cent. the case riveted members, 
nor per cent. the case eye-bars the herein prescribed elasticity 
the material which the member made; and this percentage shall 
reduced one-tenth per cent. the elasticity for each addi- 
tional square inch net section built members, eye-bars taken 
singly. 

Working strains per square inch compression steel and iron 
shall not exceed per cent. the herein prescribed elasticity the 
material which the member made, for sections square inch 
less, and this percentage may increased one-tenth per cent. 
the elasticity for each additional square inch gross section the 


member, the strains thus determined reduced division 
2 2 2 


members with two pin ends, one pin and one flat end, two flat 
ends respectively. This percentage decrease allowed tension per 
inch, the sections increase, recognition the well known fact, 
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that rolled metal increases section and especially thickness, 
does not get much mechanical work put into the rolling 
(measured per pound product), and full size tests show very generally 
that its actual tensile strength decreases about proportionally. Shear- 
ing strains field rivets per cent. atid elsewhere per cent., 
bearing strains per cent. and bending strains per cent. 
respectively the elasticity. tension members composed plates 
and shapes riveted together, the local stresses produced driving 
rivets one time close each other, and the uncertainties about 
filling the holes interior plates when long rivets are used, especially 
splicing heavy sections the field, combine reduce the certainties 
the case large riveted members far below the certainties the 
case eye-bar members, which reason for taking eye-bars singly 
when decreasing percentages. 

will contended that there really should decrease 
allowed working strains tension, the ground that the larger 
the sections the longer the span, and therefore the less frequency 
the application the full load; but this was good argument before 
modern railway practice confined freight traffic full cars and long 
trains. Another argument against the decrease working strains 
tension the sections increase is, that the sections increase 
the proportion dead load total load also increases; but 
submit that when the span loaded, loaded, and the combined 
live and dead loads are working together (with some suspicion 
impact from the acquired momentum drop the dead load also), 
and the main system should that moment have metal enough 
work. The formula for proportioning minimum and max- 
imum stresses needs further examination, and hope Mr. Waddell will 
persuade himself and others put through his proposed series ex- 
periments. will help him. 

The percentage increase allowed compression per inch the 
sections increase recognition the fact that compression (instead 
pulling things apart, tension does) presses things together, and 
the further fact the greater resistance flexure and shock the 
metal thickens and sections increase. The larger sections are thus 
every way more reliable than small ones, and can proportionally 
more work and with greater safety. but fair that after specifying 
working strains per square inch based upon percentage the prescribed 
elastic limit, should also submit some the items governing quality 
the materials upon which impose these stresses. specify, among 
other things, that all iron shall have elastic limit 000 pounds 
per square inch; that standard specimens cut from plates, bars 
shapes one square inch section shall show ultimate strength 
000 pounds and stretch per cent. inches, and for each 
additional square inch the bar, the specimen cut from may show 
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reduction 150 pounds per square inch ultimate, and two-tenths 
one per cent. the stretch. Full size plates, bars shapes one 
square inch section shall show 50000 pounds ultimate, and per 
cent. stretch feet, and for each additional square inch sectional 
area they may show reduction 200 pounds per inch ultimate and 
four-tenths per cent. stretch. Steel for rivets must show 
ultimate between 000 and 000, elastic limit 000, all 
pounds per square inch full size rivet bar; stretch per cent. 
inches and reduction per cent. Standard specimens cut from 
full bars shapes intended for riveted work, and having 
section square inch less, shall show ultimate between 
000 and 000, elasticity 000, pounds per square inch, 
for each additional square inch section plate; bar shape the 
specimen cut from may show reduction 100 pounds per inch 
ultimate and one-tenth per cent. stretch, and this steel may 
punched without reaming and sheared without planing. 

Specimens cut from steel for eye-bars, rods, pins rollers having 
sectional area square inch less, shall show ultimate between 
000 and 000, elasticity 000, all pounds per square inch, 
for each additional square inch original bar the specimen cut from 
may show reduction 100 pounds per square inch ultimate and 
one-tenth per cent. stretch. Full size eye-bars this steel 
sectional area square inch shall show ultimate between 
000 and 000, elasticity 000, all pounds per square inch; 
for each additional square inch section they may show reduction 
ultimate 150 pounds per square inch, two-tenths per cent. 
the stretch, and four-tenths per cent. reduction area. 
Annealing, reaming and planing are prescribed for this steel. 

will noted that there call for specimen rolled 
down and tested for quality steel each melt, and prefer that 
specimens for testing (except for rivet steel) shall cut out full 
size bar, this gives test the actual mill work well the 
quality the steel. assume that steel white heat mass 
spherical molecules plastic condition, their cohesion due 
the limited contact spherical surfaces; but roll compress this 
very hot steel, the spherical molecules become polyhedral, presenting 
facets (or flat instead spherical surfaces), for cohesive contact, and 
not continue this rolling other compression until the steel 
gets red cool enough hold its work,” the hot molecules will resume 
more less their spherical shape when the pressure removed. 
Hence, prefer cut specimens out full size plates, bars shapes, 
after the rolling done, and the intention the above specifications 
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for materials, legalize for the benefit our inspectors about what 
actually get out the shops general practice. 

aware that the foregoing percentage increase decrease 
working and test strains, there bumper provided against slid- 
ing down into infinity; but the bridge engineers this country 
are reasonable men and are very apt use reasonable sections; and 
reflecting this fact what encourages hope that Mr. Waddell 
will reasonable about admitting such lengthy and discursive con- 
tribution his curve.” 

tions were thoroughly scientific, and secondary strains properly cared 
for not eliminated; the intensities stress prescribed now and 
failure bridge modern design, under any conceivable load, 
remote that laborious computations find possible slightly greater 
stress might reasonably regarded unnecessary refinements. But 
with specifications and practice crude the matter details 
they often are, only wise and prudent provide for the greatest 
concentrations the rolling loads expected carried, even they 
only two per cent. greater than the approximations. 

Specifications which are minute respect loads and unit 
stresses, many cases ignore important and even vital considerations. 
The disastrous collapse railway bridge Europe few months 
ago was, some engineers, attributed the faulty connection the 
lateral bracing the trusses, and similar reasons have been given for the 
fall bridges this country. The trusses and lateral systems may 
proportioned for their given loads without allowance being made 
for the fact that one system can operate complicate and interfere 
with the action the other. The bending effect both end and in- 
termediate sway bracing the posts through spans often Serious. 
The engineer who prescribes given wind load carried down 
certain post, may, without perceiving the anomaly, permit the 
builder proportion the post for compression only and treat 
being fixed the point attachment the sway bracing, 
thereby reducing its ratio length radius gyration. hear 
objections the detail riveting floor beams posts because the 
the beams springs the posts out true line, although 
the fastening ample keep the post the control the floor 
beam, and make its lower end absolutely fixed. The danger from 
poorly designed improperly adjusted transverse bracing vastly 
greater, but often overlooked. 

This subject, together with Mr. Waddell’s declaration hostility 
adjustable bridge members, recalls case wherein the intermediate 
sway rods through span—which were attached the posts short 
distance below the top struts—had been screwed the erectors 
tight that they had sprung the top ends one more the posts 
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out line enough excite the surprise the inspecting engineer 
that the bridge had not collapsed. bridge should designed 
that its safety cannot imperiled lack judgment the part 
erectors. This incident teaches also that the highest import- 
ance that careful attention given proportioning the jaws posts, 
particularly such have their flanges cut away facilitate the chord 
packing. safe formula for the jaws, deduced from experiments 
full size pieces, important one for the section the member, 
and the work clipping, punching and riveting generally tends 
curve these jaws, their inspection equally important. 

Jno. Am. Soc. Loads.—It good prac- 
tice plot the engine diagram and train load scale say ten feet 
to-an inch, then separate strip paper lay off the 
lengths, and place the one under the other such position that the 
leading panel point shall come immediately under the second the 
third driving wheel (it will not make much difference which) and distri- 
bute all the loads the several panel points the law leverages. 
then havea series live loads equal amount and very nearly equiv- 
alent effect the actual live load engine and train, the leading 
load this series being considerably greater than any those follow- 
ing. Then making account the counter effect the small live 
load which always exists the panel point next advance the 
engine drivers, slide this series live loads across the strain diagram 
from panel point panel point, assuming that the web shear under the 
leading load the maximum members leading from that point. 
this way determine the shear all web members, including the end 
posts. This method using fixed series loads for given panel 
length, regardless the number panels the bridge, may not 
always strictly correct, and the-position the engine wheel base with 
reference the panel point under may not always exact; but the 
method easy application and the results close can pro- 
portion the sizes material. 

Having thus determined the vertical shear the end post, find the 
bottom chord strain for the first one two panels and add increments 
for succeeding panels the center, precisely for uniform load which 
would produce that shear the end post. first sight this would 
seem give excessive chord strains for all but the one two panels 
the end; but borne mind that not all infrequent for the 
rear end one train close against the front end following 
train when standing bridge elsewhere, that dead engine 
being hauled about the middle train, or, worse still, immediately 
behind the hauling engine, then follows that for maximum chord 
middle the train instead the end. With the engine the center 
the bridge and the typical train immediately front and behind it, 
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the chord strains will correct, determined easily the method 
increments above described. 

For the maximum live load floor beam and short 
operation slide the engine diagram back and forth over panel point 
until the position for maximum effect determined, and then distribute 
the loads the floor beam leverages before described for panel 
loads. 

the case deck plate girder engine diagram, 
placed the strain sheet that either the two central wheels shall 
the center span, readily gives the maximum bending moment 
the center, and the same diagram slipped along until either these two 
wheels the quarter point the span, gives the same way the 
maximum bending point. very quickly obtained, and 
perhaps sufficiently close approximation the value the bending 
moment the quarter point, reached calling per cent. that 
the center the span. Having, then, the bending moment the 
center, the two quarter points, and zero the ends, and laying off 
these ordinates from straight line, and sketching parabolic curve 
through them, readily determine the bending moment any point. 

Placing the engine diagram that the point driven directly over 
(or rather just inside) the center the base plate and distributing be- 
fore described, gives the maximum live load shear the web. the case 
through plate girders with stringers and floor beams, the load should 
distributed the panel points truss bridge. any plate 
girder which the web spliced, great care should exercised see 
that the splice has rivets enough carry the shear that point. 

Concerning live loads generally, decidedly favor using 
every legitimate means for obtaining heavy bridges, since add, say, 
per cent. the capacity proposed bridge does not add per 
cent. the cost it. would use for typical live load, not en- 
gine followed train cars weighing from per cent. less per 
foot than the engine, but solid train engines, and would figure the 
engines heavy enough tocover good many contingencies not altogether 
foreseen just now. one can safely predict what the engine the 
future will that the tendency the last few years increase en- 
gine weights has reached its limit. Had the bridge engineer twenty 
years ago made fair allowance for the future loads his bridges, 
there would not now the necessity for replacing many them. 

all parties interested could convinced that the typical live load 
form live load for web and chord members; but for floor beams, string- 
ers and short span girders would use actual concentrations before 
described, else such uniform load would produce strains equal 
all cases those produced actual concentrations. The admirable 
series typical engines proposed Mr. Waddell would seem leave 
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nothing unprovided for the way live loads would leave off the 
train load and substitute engines instead. 

The policy the average railroad company, which unhesitatingly 
builds its embankments feet wide and excavations feet wide, 
either which might made less the first place and increased 
any time afterward found too narrow, and yet shaves down the cost 
iron bridge the lowest mark, economically unsound. 
strengthen after completion will expensive and difficult, not 
altogether the company thus secures weak spots 
its roadway points where, all others, should have excessive 
strength, since failure such points sure prove, most disastrous. 
The saving is, perhaps, $10 000 $100 000 contract, rest 
the roadbed costs millions. The typical bridge should not source 
dread either the public who not understand it, the em- 
ployees who do. 

B.—For wind pressure would suggest 200 pounds per linear foot 
the unloaded chord, and 500 pounds the loaded chord (300 
this moving all spans 150 feet. For spans 500 
feet long would suggest 350 pounds the unloaded chord and 650 
the loaded chord, with some portion this above for moving 
load, and proportional amounts forintermediate spans. For the effects 
wind load would assume that all such loads the top chord 
would pass through the top laterals and end posts the abutments 
without relief from the vertical sway bracing panel points; and 
would then make each interior set sway bracing sufficient for single 
panel, with the usual provision the minimum size material 
used, and would assume the indirect effect the bottom chord 
uniform from end end span. 

C.—I would use plate girders feet, riveted Warren through 
girders from 125 feet, Pratt trusses from 125 225 250 feet, 
and subdivided Pratt trusses from that up; but see serious objec- 
tion lattice deck bridge two systems triangles, provided they 
are not run together into one system just before reaching the abut- 
ments. 

spacing stringers and webs plate girders, feet inches 
has recommend reasonably small bending effect the ties 
under ordinary conditions, and reasonable safety for the outside 
wheel derailed truck. use outside stringers that can called 
into action only case derailment clearly waste material. Oak 
bridge ties inches feet, notched one-half inch over stringers 
and spaced inches center center, with oak guard rails 
8x8 inches the outer ends ties, either with without inside 
guard rails; make stiff floor, and are not cut pieces derailed 
wheel flanges, would the case with white pine ties. 

D.—Intensities Working Stresses.—In test specimens may re- 
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quire elongation per cent. and ability stand sharp bend 
without sign fracture, but bridge wrecks not any sugh 
elongation nor any such bending. the difference treat- 
ment the cause the difference results. Attempt cut ordi- 
nary molasses with knife twist pry apart 
and the task quite troublesome, but strike with light hammer 
and found aboutas brittle glass. The former experiment. 
shows how test material, the latter shows how useit. some 
one would devise scheme for testing bridge members which would 
treat them about they are treated bridge, the results such 
tests for elastic limit and for ultimate strength would exceedingly 
valuable the bridge designer, but they might differ somewhat from 
the values generally assumed. 

illustrate important point, assume Pratt truss ten panels 
with uniform live load advancing over it. Leaving out account 
the effect dead load, the vertical shear theoretical counter 
the second panel will one-tenth panel load; that the third 
panel will three-tenths panel load, but the increment only 
two-tenths, the other one-tenth being already that member. Pro- 
ceeding onward the end post the further end the span, find 
the vertical shear that member forty-five-tenths panel load, 
which only nine-tenths panel load per cent. the entire 
load the increment, the remaining per cent. being already the 
member from preceding loads; and whatever the number panels, 
evident that the increment will never quite equal one panel weight. 
Now seems clear that when the end post gets its maximum live load, 
this maximum load will consist nearly all the last panel load, 
the impact for that amount panel load, plus the proportional amount 
all preceding panel loads without impact; since the effect these 
preceding loads has reached the end post before the strain had 
become maximum, and has reached not suddenly, but gradually. 

should also borne mind that the shear from loads near the 
rear end the span reaches the forward end post through series 
interior posts and diagonals effect one very long, and 
therefore elastic, member. this view correct one, then the effect 
the end post any bridge from each ton live load but very 
slightly excess that for each ton dead load, or, other words, 
the impact due high speed counts for relatively very small amount 
the end posts, but increases toward and becomes maximum the 
first (theoretical) counter. would therefore seem thatin proportion- 
ing the web members truss this variable effect impact, maxi- 
mum the beginning the span and minimum the end it, 
should the measure intensities working strains web mem- 
bers. 

would suggest that the web strains determined any satis- 
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factory method, making due allowance for the negative effect dead 
load counters, and that the strains thus obtained then increased 
percentages determined follows: Let number panels. 
any truss, and number panels requiring ad- 
100 


ditional percentage. Then the increment added suc- 


cessive panel points. 


hence, the added the strains the six interior 


panels will respectively 163, 334, 50, 100; approximately 
the strains the main web members will have their amounts increased 
from the end per cent. the center, and counters from 
per cent. the center 100 per cent. With strains thus 
increased would proper use constant intensity say 000 
pounds main members, and for additional security 000 pounds 
counters. 

Concerning formulas which involve both the maximum and the 
minimum stress, given truss rod have maximum strain 
000 pounds and minimum 000 pounds, while another rod 
have maximum 000 pounds and minimum 000 pounds, 
not quite clear why there should any difference the size 
the rods, unless are ready abandon the theory that iron not 
overstrained permanent strength. 

Another idea occasionally appearing bridge literature, with seem- 
ingly not sufficient cause, that because certain excessive strain 
likely occur only long intervals, therefore not objectionable, 
while, were occur short intervals, must provided for using 
additional sectional area. are proportioning our bridges for cer- 
tain train loads with the idea that these bridges are sufficient for the 
purpose, but would not sufficient for continuous series such 
trains hour after hour and day after day for indefinite period with- 


out any deterioration whatever except for the wear the 


then, the interest those who have pay for these bridges, would 
seem that our unit strains must too high and ought reduced. 
organic body existing the daily destruction and renewal ani- 
mal tissue may become work which far within its safe 
capacity and may require rest, and certain enter into long rest 
within very limited period; but would seem that such doctrine 
this could applicable iron and steel, which have nothing within 
them require renewal. 

combined stresses, where wind stresses and load stresses 
both occur the same member and are the same kind, would de- 
termine the sectional area required for each and add the results. 
per cent. during wind storms, why not reduce the sections web mem- 
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bers correspond? would seem that bridge might well 
weak might well fail one place another. bending 
end posts account wind strains, end floor beams used and 
well connected the lower ends end posts means gusset plates, 
would seem fair consider the lower end the post fixed, and 
thereby reduce the lever arm the bending moment per cent. 

F.—In plate girder proportioning would advise the use nothing 
less than three-eighths inch for thickness web plate. Whatever its 
thickness, should have net area resist the vertical shear 
any point with low unit strain and should have sufficient bearing 
area for the any portion the flange. long shallow girders 
this will require web much thicker than three-eighths inch. One point 
often overlooked plate girder designing, fact perhaps generally 
overlooked, the thickness wall plates and base plates the ends 
agirder. Many girders having bottom flange consisting two angles 
and one more cover plates, have the first cover plates say three- 
eighths inch thick made the full length the girder, and dispense with 
base plate altogether; thus using material where does good and 
use not using enough the place where needed. 
account the girder under load, the inner edge 
base plate certain get more load than the outer edge; 
desirable, therefore, that the end bearing girder made short 
practicable lengthwise the girder, and spread out laterally for the 
necessary bearing area. seems entirely possible that the plate 
girder the future will built rocker bearing, secure uniform- 
ity pressure the masonry pin connected truss. The pro- 
jecting part wall plate base plate should figured solid 
shallow beam with uniform load pressing upward, and the base plate 
should well riveted the bottom the flange angles will lack 
much its supposed stiffness. order have base plate well 
supported necessary use web stiffeners ample projection, and 
that these stiffeners placed that they will distribute the load over 
the base plate the best advantage. 

the designing floor beams, would seem difficult devise 
worse arrangement than that destroying the floor beam web order 
run the bottom chord through instead over under it, and then 
patching the weak spot the queer devices sometimes used. 
There would seem difficulty building floor beams with 
flanges parallel between trusses, and then riveting them between the 
posts above the bottom chords where practicable, below the chords 
desirable, extending the posts for that purpose the bottom the 
floor beam, but riveting the connection all cases. the longitudinal 
strain from lateral rods would produce too much bending strain the 
posts, the difficulty could easily remedied using light tension 
members, connecting the foot the post with the bottom chord pins 
adjacent panel points after the manner the Fink truss. 


4 
x 


DISCUSSION RAILWAY BRIDGE DESIGNING. 205 


matter Mr. Waddell thinks find uniform load which will cause 
the same stresses all the members any span will system 
concentrated loads. That uniform load can found which will 
cause nearly equal maximum shears and bending moments true, 
has been shown, and Pratt truss with parallel chords the maximum 
stresses the members will also nearly equal for the two systems 
loading. compound trusses, however, when the entire shear 
bending moment not resisted single member, the relative dis- 
tribution the loads may important and the uniform load cause 
maximum stresses differing much more from those caused the con- 
centrations. This the case with the Whipple truss, for example. 

the following table are given the vertical components the 
maximum stresses the diagonal tension members Whipple truss 
having panels feet each, computed for Mr. Cooper’s 
diagram, and for uniform load 112 pounds per lineal foot, which 
given Mr. Waddell equivalent the loading the diagram. 


| VERTICAL COMPONENT OF STRESS 
1N Pounpbs. 
NTAG 
MEMBER. Eanor. 
. By Unif 
| By Diagram. 
Main 177 500 155 600 12.3 Danger. 
24 } 143 700 124 500 13.4 
3d 109 900 93 400 15.0 
4th ” 83 600 70 000 16.5 sd 
Ist Counter.... 57 200 46 700 18.4 ee 
da cose 33 300 31 100 18.8 ad 
3d o 19 900 15 600 21.6 ad 


These percentages error are certainly too great neglected, 
and while they are perhaps larger than would found most other 
forms truss, they show, think, that Mr. Waddell mistaken 
thinking that his assumption that the trusses are the simple Pratt 
type with parallel chords cannot any way vitiate the results his 
investigations, and that should not too sure that uniform load 
which equivalent engine concentrations for one form truss will 
for any other may considering. 

would save some labor computers every railroad company 
would adopt one series standard live loads designing its bridges, 
and little criticise those proposed Mr. Waddell, except 
that the weights the tenders are too small, and there should 
alternative load corresponding Mr. Cooper’s 100000 pounds two 
axles. true that this not needed for long panels, but short 
ones are necessarily used occasionally, and the specified loads should 
such provide for them. 

What said about wind pressure general accordance with 
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views, but the overturning moment the wind pressure the 
train should considered well that the top lateral system. 
not yet prepared adopt riveted laterals throughout, although 
they have strong points their favor. used between compres- 
sion members, they must either made stiff enough act compres- 
sion, they will slack when most needed. they are made stiff, 
they will very heavy compared with rods for short spans. not 
agree with Mr. Waddell thinking that railway specification 
begins cover the ground proportioning the inclined end posts 
through spans, transfer the wind pressure the upper lateral 
system to, the masonry. Many them say that the combined unit 
stresses shall not exceed certain limit for this any other members 
the bridge, and think that covers the case. does not seem neces- 
sary for the railroad company tell the contractor how compute 
the stresses. The latter supposed know that. 

too, firmly believe that the proper way proportion the section 
plate girder count the web aiding resisting bending 
moments, but not think that the rule given for finding the total 
moment resistance accurate. The moment 
resistance the web substantially given (one-sixth its area 
multiplied the depth the girder), but the actual moment 
resistance the flange angles less than their area multiplied the 
distance between the centers gravity the flanges, and shallow 
girders the error considerable. 

Let depth girder from back back angles, 

distance between centers gravity flanges, and 
depth girder over all; then the true moment resistance 


2 


the angles about their center gravity. The moment resistance 
Mr. Waddell’s method area which greater than the 
actual moment. Assume girder with web plate inches 
inch, and flange angles 6x4 inches, weighing pounds per foot. 
angle 6.0 inches, and its moment inertia about the axis through 
its center gravity 7.8. The true moment resistance 


2 


the web, the moment multiplying the area the 
angles the distance between their centers gravity 262, which 
not much less than the real moment the whole section the other 
greater. For deeper girders the error less, but for shallower ones 
greater, and have found cases where the true moment resist- 


{ 
4 
4 
4 
4 
| 


DISCUSSION RAILWAY BRIDGE DESIGNING. 207 


ance was less than the area one flange multiplied the distance 
between the centers gravity the flanges. These shallow girders, 
should remembered, are usually short, and should have excess 
rather than deficiency strength. 

Styles and Proportions Bridges,” the prefer the fol- 
lowing limits for the lengths spans used plate and lattice con- 
struction, namely: Plate girder® feet spans, lattice girders 
from 125 feet, which latter point pin connected trusses should 
begin used. The most serious objection the use plate girders 
from 100 feet, the necessarily great waste metal caused 
having continuous web. true engineering practice aims pro- 
duce the best construction for the least money, and perfectly 
practicable design very rigid and unquestionably perfect lattice 
span such lengths, with saving from per cent. weight, 
over the same length plate girder span, and with much better and 
more pleasing general effect; not seem justified making the 
customer pay the difference unless has special reasons for doing so. 
Owing the uncertainty stress distribution riveted connections, 
riveted spans should not used except for lengths where pin spans 
are-lacking rigidity; and pin spans can be, and are, designed with 
floor systems rigidly connected the trusses and thoroughly braced 
with stiff laterals for spans 125 feet, the writer would, for spans over 
this length, pass once pin connected Pratt trusses, with panels 
long can rigidly braced. thoroughly advocates Mr. Waddell’s 
claim for the single cancellation principle for all trusses being the 
only really scientific construction, and much simpler and therefore 
better practice. 

Regarding adjustable members bridges, the writer again believes 
Mr. Waddell the right track. properly designed for erec- 
tion purposes, and carefully mantfactured, adjustable counters can 
made thing the past. There can question about the lower 
laterals being rigid, one who has ever carefully watched the ac- 
tion poorly braced floor systems under heavy and sudden loading 
could long remain doubt this point. For long spans, any rate, 
the top laterals should the same construction. 

The writer very glad see that Mr. Waddell has advanced his 
opinion regarding the unnecessary reaming rivet holes mild and 
medium steel which will stand the enlarging the rivet hole per 
cent. means the drift test successfully; and hopes that more 
the members will put themselves record the same way. has 
always seemed insult good metal require reaming when the 
quality the metal such that practical benefit derived from it. 
The line, however, where the reaming becomes necessary should 
carefully observed, and probably Mr. Waddell’s requirements meet 
well, not better, than any other way. 
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Now that eye-bars are manufactured widths and including 
inches, advisable use wider bars for long panels than was 
formerly the custom, and the present time this being largely done. 
using wider bar possible also reduce the number bars 
panel, the thickness each individual bar, the bending moment 
the pin and consequently its diameter and length. making bars 
the largest sections, special care should paid the tests, spe- 
cial arrangements must made the manufacturer cast special 
ingots, use larger piles insure the requisite amount work the 
rolls upon the metals. Steel bars the larger sections specially are 
much more desirable every way than iron, both reliability and 
finish. 

Am. E.—Whilst agreeing with Mr. Wad- 
dell most the points brought forward his paper, must take 
exception the his formula for unit stress, 

maximum stress/ 
though admit the present state our experimental knowl- 
edge, this co-efficient must be, certain extent, matter opinion. 
Still, has been assumed all the way from certain bridge 
engineers, well that all interested should give the basis, any, 
their assumptions, when possibly the range permissible values will 
restricted within much narrower and more manageable limits than 
present. call the ratioof minimum stress maximum stres 
can write the above formula Mr. Waddell’s, 

which Launhardt’s formula (as given Weyrauch) for, say, forty 
million repetitions stress. For less number repetitions, 
found working over the values given the original experiments that 
the co-efficient decreased, and becomes quite small for few hun- 
dred thousand repetitions, which nearer the number provided 
for our bridges than the former. The iron, these experiments 
direct tension, broke under single application load gradually ap- 
000 pounds per square inch (the stress varying from 000), 
rapidly repeated, the bar again broke. The above formula becomes for 
this case, unit stress 30000 6). have 30000, 
for have 000, and for intermediate values 6the formula 
found with the results experiments. 

This iron was not such would use bridges, and believed 
for iron whose breaking strength 000 pounds, that this co- 
efficient would smaller for the same number repetitions. The 
loads were very rapidly repeated, and the conditions could only 
paralleled, railroad bridge, trains gliding rapidly, without appre- 
ciable friction impact, rapid succession across the structure. 
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readily granted that these conditions not obtain practice, and 
yet would seem that have gained something valuable from the 
Wohler experiments, that should not throw away. certainly 
should feel ourselves safer ground asserting (for railroad bridge, 
the only kind shall consider), with that repetitions load 
will cause destruction sometimes when the load constantly applied will 
not, and think this law holds true even where the loads not suc- 
ceed each other rapidly. 

Now, what are the conditions for railroad bridge, when train 
headed locomotive rolls over it? Professor Robinson (in 
Transactions the American Society Civil Engineers for February, 
1887), telis that the locomotive enters upon the bridge, and before 
has reached the center, the the panel point nearest the 
center becomes maximum, and that rapid vertical and horizontal 
oscillation set up, which continues until the train leaves the bridge. 
experimented spans 128 189 feet, open web bridges 
being examined, the records horizontal and vertical deflections 
each instant the train’s passage being graphically recorded au- 
tomatic apparatus. possible that the increased deflection due 
the train motion over that for the train rest, was due part the 
unsteady motion, not straight line, but deviating laterally and verti- 
cally from straight line every instant; mainly, however, the centrifu- 
gal force the counter weights the drivers, which hammer away 
the rails each revolution the wheels. Professor Robinson found 
that the increased live load for freight and passenger trains 
usual speeds due the motion, varied all the way from almost noth- 
ing per cent. Out hundred and ninety-three train transits 
observed, twenty-five gave large superadded deflections, 
averaging 18.4 per cent. 

The graphic records show plainly, think, that the bridge has time 
recover from the first sudden application the load the train 
advances, that the superadded deflections due the train motion 
over those for the train rest, when the maximum, are due not 
the application,” but impact and vibration from unbal- 
anced weights and rough track. Now, call the extra stresses in- 
duced the extra vertical deflection the amount due impact, 
have for these bridges add the stress caused the live load 
rest chord member, say, 18.4 per cent. get that due the im- 
pact the live load motion, assuming that the stresses the chords 
are directly proportional the deflection. This much very simple, 
and similar experiments were performed, for all spans, from 
500 could quickly rid ourselves part the indeterminates 
the problem that confronts us. 

Having, however, got this far, shall assert that there are more 
stresses caused the bridge members than those corresponding this 
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vertical deflection? Surely not, for the horizontal deflection (which 
was not insignificant) must cause additional stresses certain mem- 
bers, and besides this, many members may largely strained from the 
tremors caused the bounding and bouncing the train, whilst other 
members may relieved the same time, that the result not 
shown the deflection appreciable extent. vibration tie 
rod right angles its length (which know occurs from the 
rattling often observed bridge crossed), will cause additional 
stresses. These could only ascertained direct observation 
the elongations portion the tie bar the train passes. 

Granting, then, that there are additional stresses those corre- 
sponding the vertical and that the repetition stresses 
due the passage many trains day will lower the working strength, 
what shall allow for these influences? where can all 
honestly differ. Not knowing anything better than the Launhardt 
formula express these influences, especially its form commends 
itself for its simplicity, shall write, for the safe stress pounds per 
square inch, for wrought iron eye-bars tension— 


This allows for repetition and stresses caused tremors not giving 
any vertical and assumes that these two influences combined 
ceeding each other, experiments. use this formula, 
must add certain per cent. the live load itself allow for the 
chord member due the weight bridge, ditto due load 
rest, and superadded stress corresponding the extra deflection 
due the train’s motion, then the cross-section the member given 
the formula, 


But the same cross-section can found dividing the sum 
stress due dead and live loads both rest, by— 

Thus, for the bridges mentioned above, average 
stress due extra shown the average twenty-five 
experiments giving the largest deflections. for these spans 
about substituting these values see that the 
equality above nearly exactly holds; fact, the co-efficient 
(2) was formed from this equation very nearly. Formula (2) gives 
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this differs little from the extremes 500 and 000, prefer 
write, for simplicity, place (2)— 
a = 7 500 (1 + 4) eee (3) 
whence, 
A+B 
10000 
Subtracting (3) from (1), have for the decrease unit stress, due 
impact, which causes extra deflection, over the live load rest, 


For all dead load this becomes and for all live load 
reaches its maximum, should the case. For intermediate 
values this term varies directly with which certainly the 
most simple supposition make. interesting see what 
values obtain from (4), for chord members for various spans, 
have given them the table below, for assumed values 


SPAN IN FEET. 6 Pp. 
20 -10 30 

70 -20 28 

150 -33+ 25 

300 22 

450 -66+ 20 


This allows little more for the 150-foot spans than the .184 
first taken, which not regretted, some the bridges the 
defiections due motion were over the average taken. The formula (3) 
above was deduced for lower chord member. similar method 
applies upper chord and batter braces, with the modification due 
the use column formulas. For counters and middle ties 
giving .334, slightly over the .25 above for 150-foot span, which 
not regretted, these members should have slight increase 
their section due their small size and greater lateral vibration. 
For intermediate ties and posts the unit stress increases pretty regu- 
larly from the center the ends, undoubtedly should. The ex- 
ceptional decrease unit stresses for counters and main ties thus 
strong point favor the formula place telling against it. 

Nothing has been said far about the mild steel now used 
bridges, but the same reasoning would lead similar formula (3) 
only with the constant 500, and possibly the constant slightly in- 
creased, are consider all Weyrauch’s formulas corresponding 
(1), where for millions repetitions stress, the co-efficient for 
steel, having breaking strength 100 000 pounds, was found 
six-fifths place the one-half used before stated for 
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iron, the conditions the experiments are not those members 
bridge, but there course repetition stress bridge member, 
and these experiments give some insight into its effect, and should 
help coming somewhat safer conclusion. Finally should 
say that (3) modified, should the direction indicated 
Mr. Waddell, decreasing somewhat the co-efficient for reasons 
apparent from what has preceded. 

Frank Am. Soc. E.—A full discussion the sub- 
ject brought Mr. Waddell must productive much good 
designers, builders and users metal bridges. The railway companies 
particular will the gainers any movement resulting greater 
uniformity specifications, and consequent diminished cost estimat- 
ing, for while the expense estimating and designing borne the 
bridge companies directly, certainly enters item cost and 
paid eventually the railway companies. 

The method given the paper for finding the concentrated load 
floor beam the use the equivalent uniform load span two 
panel lengths can hardly called new, was use Mr. Edwin 
Thacher least far back 1885. Regarding the determination the 
lengths flange plates for plate girders, Mr. Waddell 
moment parabola referred affords very expeditious method ascer- 
taining the proper lengths cover From this seems that 
Mr. Waddell has not seen the very neat and expeditious method given 
Mr. Thacher’s pamphlet the slide rule. This method based 
the equation the parabola, and follows 

Let and represent the 


outer two plates, and the 
area the three plates. Let 
the length span, then 


-3-u 


for any given case, and are constant, and the values 
may obtained means the slide rule directly and with 
single setting follows: Set slide to/ scale roots, then 
lengths, are course the theoretical lengths for true 
parabolic curve. The actual lengths should, usually specified, 
least foot more than those called for the above formula. 


Xo = “cc 2d = 1 2 
= “ec 8d =1,| 3 
A, 
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The method obtaining end shear plate girders simple and 
easy application, and the results certainly close enough for all prac- 
tical purposes. The comparison results obtained means dia- 
gram and the uniform load certainly interesting, and strong 
argument favor the uniform load. The idea half dozen 
more standard typical engines excellent one those proposed 
Mr. Waddell have the advantage simplicity and uniformity spacing, 
and should approved the engineers the railway companies 
the extent adopting the one nearest their present requirements. 

regard wind, the assumed pressure, for ordinary spans, 450 
pounds per foot for the loaded chord and 150 pounds per foot for the 
unloaded one, seems amply sufficient. For long spans, perhaps, this 
loading should increased, but why not means simple 
formula which will give the load per foot provided for terms 
the length span takes small amount time figure 
the vertical projection long span truss, and probably not once 
lifetime will the wind strike the trussin the exact manner assumed. 
equivalent uniform load admissible substitute for engine 
diagram the calculation the principal members truss, and 
firmly believe that is, then uniform load should certainly good 
enough for such erratic loading wind pressure. The effects 
the assumed loading should, however, fully provided for. 

The proposition increase the clear width through bridges 
feet for single track and feet for double track structures 
excellent one, and the only objection such move, namely, the in- 
crease cost, would much more than offset the additional safety 

secured. agree with Mr. Waddell preference for rigid lateral 
system. 

The question proper depths for eye-bars different panel lengths 
interesting one, and the following table shows the calculated fiber 
strains due direct bending for the limiting sizes proposed Mr. 
Waddell: 


Unsupported horizontal 


length Minimum depth bar. Strain per inch, extreme fiber. 
15 feet. | inches. 3 400 pounds, 
“ 2900 “ 


When considered that these strains should added those 
due the direct tension, and that the above table represents fairly the 
present practice, appears that the question serious well 


20 H | 
| 5 
2 
: | 3 000 
33° 
| 4100 “ 
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interesting one. regard spacing stringers, wish express 
myself decidedly opposed stringers placed directly under the rail. 
the first place, the impact passing loads given directly the 
stringers and their connections. the second place, the weight floor 
beams increased account the extreme leverage; and thirdly, 
agreeing with Mr. Waddell, stringers should used sup- 
port the ends ties case derailment,” which adds still further 
the weight, and therefore the cost the structure. The stringers 
should least feet centers, and think even better. With cross- 
ties inches there ample strength, and with the feet lever- 
age, there spring enough the tie take large proportion the 
impact which otherwise would all the stringer. The short lever- 
age gives light floor beam, and the wide spacing obviates the neces- 
sity outer stringers, that the whole the feet spacing gives 
better well asa cheaper floor than one with stringers directly under 
the rails. agree with the author the preference for pine instead 
oak for floor timber. 

The question just what unit stresses are proper for tension mem- 
bers metal bridges can hardly satisfactorily decided until ex- 
haustive practical experiments have been made this direction. The 
German experiments with repeated impacts are very interesting and 
valuable, but they hardly cover the case bridge members subjected 
constant and sometimes quite large strain per square inch from 
dead then subjected additional live load strain. 
should have number experiments the way delicate measure- 
ments stringers, beams and eye-bars bridges under engine loads 
various velocities and passing various intervals; and also series 
tests specimens subjected steady strain, together with sud- 
denly applied and released loads; the proportion steady and sudden 
load vary and also the time between the impact load. 

For unit strains compression members preference still for 
the general form Gordon’s formula, and inclined think that 
the discarding this formula some our most prominent bridge 
engineers was due too hasty conclusion regard practical ex- 
periments. Mr. Thacher’s line” formula does, course, 
agree very well with the experiments from its construction should. 
The theory Gordon’s formula, however, assumes condition the 
metal corresponding strains within the elastic limit, and know 
that when column has been destroyed testing machine, the elastic 
limit the metal has long been passed. Should say that 
Gordon’s formula wrong because column fails under condition 
affairs entirely foreign the basis not think 
so, but would rather think better make careful and delicate meas- 
urements during column tests, before the metal reaches its elastic limit, 
instead basing formula ultimate failure. 
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regard plate girder proportioning, think would much 
better keep the compression flanges within twenty diameters rather 
than let them reach thirty. The latter think too much. will 
take this opportunity protest against the practice making the top 
and bottom flanges plate girders different areas, instead pro- 
portioning the tension flange, and then making the compression flange 
the same gross area. plate girders are usually figured, the bend- 
ing moment divided the depth center center gravity 
flanges, order get the flange strain; this flange strain then 
divided the unit strain specified order get the desired area. 
Now, suppose the given specifications would require larger area for the 
top flange than for the bottom the center gravity the girder 
whole thereby raised; and then calculate our flange strains 
means the moment inertia the section, which quite proper, 
find larger strain the bottom flange and smaller one the 
top than required our given specification. 

different areas the flanges are desired, then they should 
obtained using the moment inertia the section instead 
dividing the depth girder, ordinarily done. When the web 
one continuous sheet, think perfectly legitimate count one- 
sixth flange area when very deep and relatively thin and with 
frequent splices, not think advisable count the web, except 
for shear. 

Am. Soc. E.—The interesting paper under 
discussion advocates some sound principles construction which 
hoped will more generally followed than they have been. 
Whether uniformity specifications and design among bridge engi- 
neers, much closer than is, will yet arrived at, even should close 
uniformity desirable, questionable. Since the beginning iron 
bridge building there has been approximation uniformity 
design, least among American bridge engineers. Any advance that 
has sufficient merit generally adopted. much this the case 
that the design bridge will generally tell approximately the date 
its construction. department engineering has experienced 
greater development during the past fifteen years than this, and with 
the constant improvement material and the advance the govern- 
ing conditions, futile think that have arrived anything like 
differences opinion, too, will doubt con- 
tinue exist even exact art bridge building has become. 

Mr. Waddell makes extended argument favor the equivalent 
uniform load method calculating stresses. The determination 
stresses small part the complete designing structure. With 
aslide rule and table squares the stresses are generally soon 
figured any the various methods individually preferred. But 
for ordinary fixed spans the method moments some time ago de- 
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before the Society 
American Rail- 
road July, 1889) 
not only more exact, 
admitted, but requires con- 
siderably less work; think 
safe saying that the 
one most generally used now. 
The making the single dia- 
gram used the moment 
method can done in, say, 
one-quarter the time re- 
quired for getting the 
several tables equivalent 
uniform loads that would have 
used. 

Fig. typical moment 
diagram, with quantities 
affecting one truss, made 
scale conveniently ap- 
plied the skeleton 
truss. The upper two lines 
are essential, the others are 
added for convenience. The 
successive moments the dia- 
gram are quickly obtained 
adding the moment 
any point the product the 
total loads that point 
the distance the next one. 
Unequal panel lengths not 
affect the facility applica- 
tion this method, separate 

panel concentrations are not 
used. Longspans make practi- 
difference. When the 
chords are not parallel some 
extra work required for ob- 
taining web stresses locating 
the intersections for origins 
moments. For the case 
some the leading loads be- 
ing off the span the proper mo- 
ments are obtained, again from 
the diagram, two simple 
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subtractions. The moving load railways can carry not now much 
question bridges track, which latter seems about taxed 
its limit the present heaviest moving loads, until, radical changes are 
made. Regulation loads must considered outside the prov- 
ince bridge engineers. What they can do, has been stated, 
design for proper proportion, which may assumed remain 
fairly uniform, excess concentrated load general load, that 
bridges may remain uniformly strong throughout. wind pressure, 
the assumption fixed loads per running foot, often specified, 
should not applied spans over 200 feet length, taking for 
longer spans pressure per square foot surface, and considering 
effective surfaces the method given the paper, which good 
one. The more rational way considering the overturning effect 
that travels partly top chords through the portal and partly 
directly the bottom chords, and provide for this overturning effect 
the bottom chords means large unit strain. 

Riveted pony trusses have their proper place, where deep floors are 
admissible, for spans from 100 125 feet. true that with shal- 
low floor beams with chord brace bracket extensions beams, the 
the beams may injuriously vibrate top chords; this con- 
dition should rule out this class.of bridge. When can properly 
used, pony truss with its heavier sections and greater compactness will 
more rigid and economical high overhead braced span the 
same length would be. Reduction cost material and consequent 
proportionally greater saving shop work reduced, well con- 
siderations efficiency, have strongly tended simplification design. 
One manifestation this the use the present long panels. The 
use few bars large section instead more smaller section 
for several reasons desirable; but for prevention sagging the 
bottom chord bars, increase section not required and not 
effective against either sagging vibration are mid-panel brackets 
now used for supporting chord bars. Such brackets are extension 
transverse brace frames between the stringers. 

The author gives bridge floor which many respects good 
one. more generally used for ties and guard rail than pine, 
but good pine preferred. For guard rails pine par- 
ticularly preferable, almost impossible keep oak guard 
rail straight. Oak and pine should not used together, the 
acids from the oak will destroy the pine. Preserved woods are 
strongly recommended for bridge floors. For the best floor the 
stringers should directly, almost so, under the rails, other- 
wise the ties will deflect. Then there should outer safety stringers 
under directly outside guard rails. The inner guard rail should 
railway rail, which may lighter section than the regular rail 
used. The dapping the guard rail depended for preventing 
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bunching ties; bolt every third tie will properly hold down the 
guard rail. Some form nut lock essential for all bolts the floor 
elsewhere about bridge, without nuts will invariably work 
loose. This something that frequently neglected. 

Under intensities working stresses the author gives the well 
known Launhardt formula. The formula not much used now this 
shape; but its principle is, more readily applicable way, using 
greater unit strains for live load than for dead load. 

use end floor beams the proper thing todo. Besides the advan- 
tages their favor mentioned the author, there this, that they 
obviate injurious hammering the masonry, which takes place when 
end stringers rest directly it. often occurs that floor beams have 
reduced depth their ends fit them the posts clear 
the bottom chords. Efficient reinforcement effect this, when rein- 
forcement required, can generally accomplished much more 
economically than going the extreme running intermediate 
flange the entire length the beam. 

The author’s remarks eccentricity connections and in- 
duced bending moments certain groupings rivets are strongly 
the point. regretted that has not said something the 
disputed question The effect impact depends the speed 
the moving load and change direction surface from the ground 
bridge; but how much should properly allowed for 
this effect yet matter conjecture only. minimum when 
the floor system stiff and rigid and deflects very little under moving 
loads; with surface which changes direction only very gradually 
all, and is, near can be, straight continuation the ground sur- 
face. painting, another subject not mentioned the paper, there 
said that the use oxide iron paints, now general, much 
deprecated. The pigment these paints simply rust, which 
iron steel tends induce more rust. Lead oxides, carbonates, 
such red lead and white lead, and linseed oil, should used. 

Frank Am. Soc. E.—Without entering upon 
the mathematical deductions this very comprehensive and valuable 
paper, wish discuss some principles and practical considerations. 

Live Loads.—I believe the use engine excesses and real train 
values for the computation live load strains; these should assumed 
for present future conditions traffic, and those which 
will give the maximum; that different loads well different po- 
sitions the same loads may required give maximum results for 
different parts the structure, each which should proportioned 
maximum. This leaves uncertainty; the definitely stated 
problem accurately solved. the equivalent distribution system 
only one many possible conditions assumed, and approximate 
equivalent substituted for that. 
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prime function any constructing engineer make the most 
careful and accurate assumptions, founded and experience, and 
then prepare exact computations therefrom. Exact computations are 
complained laborious—so most valuable engineering work; but 
the mathematician only small part the engineer; and the bridge 
concerns that compute and build four-fifths the railway bridges, 
have special computers who are continually employed solely strain 
sheets. Economy should practiced restricting the useless multi- 
plication designs and estimates unsuccessful bidding the same 
structure, inviting bids from only limited number select, re- 
sponsible parties. 

Wind Pressure.—This usually considered dead and live 
should not also figured for the impact that undeniably exerts 
through sudden gusts? 

Proportions Bridges.—Under certain conditions the inclination 
from the vertical, the planes the main trusses long spans, that 
their cross-section somewhat like truncated inverted worthy 
consideration affording economy upper lateral and floor sys- 
tems and increasing the rigidity. Mr. Waddell’s plea for properly de- 
signed floor systems, protection and re-railing apparatus, cannot too. 
strongly endorsed. believe the tendency toward the use too 
heavy eye-bar bars. When bar exceeds inches inches feet, 
very doubtful the steel which composed receives sufficient 
work its reduction from the comparatively small ingots generally 
used; and, far know, cross-sections that size never receive any 
edge rolling after leaving the blooming rolls, believe they certainly 
need. 

Intensities Working Strains.—I think that the author has over- 
looked the results, occasionally reported, tests upon bridge members 
after having been long time use, and should glad railroad 
bridge engineers could furnish more them their bridges are re- 
newed. Such tests would especial practical value could 
accompanied the length service and the original tests the same 
material when manufactured. would like know what provision 
allowed, and what, any, experiments observations have been made 
the effect impact strains added existing heavy static strains. 
does not accord with our theories steel suppose that tension mem- 
bers built plates and shapes, are strong per net square inch 
cross-section are eye-bars; because shapes and wide plates are not ex- 
pected generally required give high unit strength small test. 
pieces flats and rods do. They cannot have their strength in- 
creased reworking, and injured all punching, shearing, etc., 
they cannot restored, are eye-bars, annealing. 

Combined Stresses.—I should like see the proof that the addition 
referred square inches reinforcement the section bridge 
post could increase the working strains enormously per cent. 
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Plate Girder Proportioning.—I endorse the limitation the number 
flange plates allowed, and think that part the chord section may 
often advantageously disposed web plates. 

doubtful desirable have the best machine driven 
rivets inches long between heads, and certain that hand 
driven rivet that length very imperfect. also evident that 
rivet holes which would match pretty well for two 
would require much more reaming, and considerably weaken the sec- 
tion when carried through high pile plates. Inspectors will some- 
times condemn machine driven rivets for slight excentricities head, 
when they can replaced only hand driven rivets that are in- 
comparably worse; say nothing the injury done the plates 
(especially steel ones), forcing out large, long, well upset rivet. 

shall glad see the detail that Mr. Waddell describes 
having practically and satisfactorily accomplished the focusing all 
lines strain, absolute point the center main truss lower 
chord connection. Ido not wish advocate the general use sus- 
pended floor beams, but think there may conditions where well 
built suspended beam preferable one with poorly riveted 
and poorly arranged rigid post connection. prominent bridge com- 
pany with which was once connected imported and used soft steel 
almost entirely that time. Much the steel was Belgian shapes, 
and endured wonderfully severe cold bending tests. Angles and 
channels could bent backward and almost tied without crack- 
ing. Experiments were made with the use these channels (heavy 
webbed 6-inch bars, for floor beam suspenders. The 
channel bar was bent the middle completely around pin (slightly 
smaller than the required one). The ends were then brought down 
parallel, back back, about three-eighths inch apart, that their 
webs would rivet vertically across the end the web the floor beam, 
and the loop above, properly reamed out, would receive the lower 
chord pin. not know what the result the experiments was, for 
did not see them concluded, but believe that the channels endured 
the treatment and made pretty stiff suspenders. 

Am. Soc. E.—Mr. Waddell’s paper certainly 
excellent one its scope, covering does many points upon 
which opinions differ among bridge designers and which are often dis- 
cussed; but never before, thought, assembled such form 
give the professional public chance express its views upon many 
debated points all together, and form sure meet the eye the 
profession large. 

one who has experienced the troubles noted Mr. Waddell 
using typical train and engine loads with exact wheel concen- 
trations, can heartily endorse what urged the need 
for the use simpler form load. would suggest, however, 
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more consistent, being nearer the facts the case than uni- 
form load several times greater than the heaviest train use, the 
often adopted expedient single concentration the engine excess 
sufficient equal panel load (floor beam shear), arising from ideal 
engine sufficient weight discount considerable increase gross 
weight the heaviest type engine used. This single concen- 
tration located for strains web members, the head uni- 
form load, equivalent train similarly excess the heaviest 
train actually use, and for chord strains, any point 
such uniform train load. Also single concentrated weight still 
greater than that above noted for calculation strains stringers; 
this latter weight vary with the lengths panels, and its amount 
based also upon the heaviest existing engine, with due allowance for 
future increase. For floor beams, thought that the well known 
proportions between stringer shear and floor beam shear would suffice 
insure sufficiently exact results. This, submitted, would seem 
meet the difficulties complexity calculation without going 
too far backward toward the practice former days using uniform 
loads only, and the consequent loss view the true form the 
problem hand. would leave the general problem its true form, 
without introducing annoying intricacies calculation. 

any one who can recall the changes opinion curved 
other than parallel chords, floor beam connections, compression for- 
mulas and curves, the effects live loads compared with dead loads, 
which have been noted within the past twenty years, and the 
diversity view which now exists upon such points, Mr. Waddell’s 
claim that there such thing unnecessary refinement concentra- 
tion certainly recommends and the fact that such points the 
effect wind throwing excessive load from train upon leeward 
stringers and floor beam connections has been neglected, while the 
effects arising from the same cause towers and lateral systems has 
been carefully provided for, may also noticed warranting, for the 
sake consistency, less minute amount care points like this, 
concentration rolling loads. 

thought that one will contest the truth the ground taken 
Mr. Waddell the advantage using plate girders 
feet span, although seems apparently step backward toward the 
days tubular bridges; but suggested that some distinction 
should made the different allowable spans plate girders for 
double and single tracks, such has made, regard the length 
lattice trusses. has drawn the line this latter connection, 
thought, exactly the right point, but has not stated his reasons 
for doing. may permitted say, good reason for 
endorsing his views is, that the result experience gained keeping 
repair large number riveted bridges for many years, been 
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show that the thickness the iron used and riveted really 
the controlling feature. This experience proves that well and heavily 
designed bridges the lattice type and recent date, which con- 
nections diagonals with chords through several inches metal have 
been made means 1-inch rivets, have required greater care and 
more frequent renewal than those which the rivets have passed 
through thinner metal; although the rivets the latter have been 
under much greater shearing and bearing strain for many years. 
would seem that the vibration web member tension composed 
heavy angle bars, has seemed fairly pry off rivet heads and loosen 
them, and that this really constitutes the limiting feature such de- 
signs. 

This being the case, would seem that feet for double track 
plate girder span either two three girders about the useful 
limit, and feet for single track girders, with riveted lattice trusses 
(rather than the limits noted Mr. Waddell), and pin connections for 
longer spans. The views expressed this paper avoiding all 
pony trusses certainly seem sound, but exception can made, 
thought, the case where floors can made deep give the 
top chord the support stiff connection with the floor beams, whose 
top flanges are not more than feet belowthem. This limit the 
length riveted lattice spans account the failure riveting 
through thick iron the connection diagonals with cross chords, 
seems conflict with and render invalid Mr. Waddell’s strictures upon 
lattice work more than one system; since often occurs that, the 
design lattice spans even the length endorsed him, two more 
systems (up four) have introduced, order keep down this 
objectionable thickness these points connection. Furthermore, 
submitted that practically trouble was ever found result from 
the use several systems, while certainly cases are record, 
witnessed numerous photographs, where serious accidents have 
been unscientifically prevented, the aid given one system 
another disabled derailed train. This feature would seem 
the one really giving the lattice bridges the superiority noted Mr. 

existing over pin bridges case derailment. This in- 
creased safety obtainable for pin bridges enlarging the clear width 
between trusses remove them beyond the reach impact from 
derailed train; would therefore seem pity deprive the riveted 
bridges this peculiar and great element value. 

The riveted lattice truss was the first step toward concentrating 
upon known lines the strains unknown location and direction exist- 
ing webs plate girders, and does not seem clear that the 
true drift bridge engineering now try force (the lattice truss) 
comply with the form found desirable its offspring with pin con- 
nections. Furthermore, secondary strains connections are lessened 
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keeping the members within reasonable limits size, rather than 
increasing them would necessary the form truss were limited 
the Warren girder. Rigidity also great value preserving tie 
rivets the chord connections riveted work, much more 
submitted, than with pin connections, and therefore shorter panels and 
consequently more systems seem justifiable. Again, one serious 
theoretical defect lattice bridges, that the shear passing from 
one diagonal the next necessarily carried the chord trans- 
verse strain, and this objectionable feature certainly diminished 
lessening the amount this shear carried each section the 
chord panel points, this result being reached the use several, 
rather than one system. submitted that such views those ex- 
pressed Mr. Waddell, and adopted many lattice trusses, have re- 
sulted structures which cannot classified flesh fowl,” 
the result being unfair criticism upon the excellent class work 
which these structures are not fair types; and that their manifest short- 
comings almost warrant belief that, with few exceptions, designers 
accustomed one form bridge cannot properly design the other. 

Exception, thought, may also taken Mr. Waddell’s state- 
ment that plate girders should riveted full the shops and not 
shipped parts facilitate erection. The difficulty erecting 
whole girder 90-feet span, even for single track, very con- 
siderable, and has not been found that field riveted work properly 
cient excess number field rivets allowed while the danger 
accident large completed girders during transportation and erection 
serious, resulting does from lifting them improper points 
support during transhipment and also their destination. 

regards spacing track stringers girders short span, 
suggested that the points gained are uniform support de- 
railed train inside the tie bearings stringers, without the use 
ties unnecessary dimensions and consequently unnecessary expense; 
and that distance feet between centers stringers with ties 
inches feet, accomplishes this result, and that, too, without 
going further than necessary the direction return timber 
floors resting upon stringers hung the line the chords, such were 
more less vogue the past. The additional expense for one 
renewal upon bridges under charge which would result 
from adopting Mr. Waddell’s standards, would $33 000, serious 
item not really essential safety. 

answer Mr. Waddell’s inquiry, would say that number 
cases split angles top flanges stringers and girders not prop- 
erly supported fitted stiffening angles, have been noted work 
under charge, and that this account proper provision 
this kind seems very advisable points throughout their length 
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well their ends but suggested that their service prevent- 
ing buckling webs over bearings and elsewhere would effi- 
ciently performed without this bearing upon flange angles, since the 
load which this fitting enables them take only that from local 
application over them, while the instant before the wheel reaches this 
point, the web has carry almost the same shear, and resist almost 
the same buckling tendency. may allowable add, that during 
experience covering number years, every case failure noticed 
iron bridges has been the tension track stringers; which 
have been found from errors workmanship original design 
have been strained 000 pounds and more per square inch net 
section the point fracture; while truss members have been found 
the older class bridges which have been strained not less than 
000 pounds per square inch hourly for years, and still have shown 
sign failure deterioration when removed. This illustrates 
rough way, thought, the injurious effect (now well recognized) 
direct application strain compared with its more gradual 
application. 

Numerous instances have been found, upon the other hand, when 
before reinforcement, top chords old deck lattice spans sections 
shown have supported ties directly, with span between panel points 
from feet, and have shown 
service, although they were practically 
stringers with bottom what- 
ever, and also strained truss members. This fact noticed merely 
illustration the extremity which bad designing has reached 
the past, and, feared, sometimes reaches even now; and 
emphasize the fact noted above, that theories seem fail 
view the known results such cases overstrain, and that there- 
fore scarcely seems necessary carry the refinement concentra- 
tion rolling loads and their proper location upon bridges obtain 
maxima strains, the extent which has been customary and required 
recent years. 

Mr. Waddell’s views rigid lateral systems and the advantages 
unadjustable truss members have, course, always been held de- 
signers riveted lattice work; and has often been urged with justice, 
that considerable economy material results from these rigid lateral 
systems, since both Warren girders double lateral system this 
kind can assumed under strain wind load one direction— 
one each pair intersecting members acting tension and the 
other compression. 

His views spacing ties and the use guard timbers have cer- 
tainly the support innumerable cases safely carried derailed 
trains; but from the point view one wishing incur expense 
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not demonstrated really necessary, suggest that 
clear space inches between ties and guard rail inches, 
gained inch and bolted every third tie, seems from actual experi- 
ence provide amply against under derailed wheels. 
may added that any spreading guards the ends bridge 
greater than the feet length track ties useless, since 
truck off the track and beyond the ends the track ties would cer- 
tainly sink the ballast and overturn its car break the couplings, 
that benefit would result from further spread the ends 
the guards. Experience maintaining iron bridges under heavy 
traffic fully justifies, thought, the use end floor beams, since the 
direct impact wheels upon the ends stringers frequently shatters 
stone bearings causes the bed plates stringers cut into them, 
resulting bad surface track, and necessitating shimming under 
ties the ends bridges, which certainly most objectionable 
feature their maintenance. 

Am. Soc. E.—Undoubtedly much more can 
accomplished toward uniformity bridge designing concerted 
action among engineers, more, believe, through the report com- 
mittee the Society than through general discussion like the one 
proposed Mr. Waddell, which bound treat the subject 
unsystematic and necessarily rambling way. not mean that the 
report such committee should made fast and binding, mandate 
the Society for all follow would merely cover the end the 
recommendations the ablest our engineers, members the com- 
mittee, and have such weight their reputations and investigations 
would warrant, the Society acting the agent for whom such investi- 
gations were made and whom such recommendations were developed 
and announced. 

would certainly well some uniform system loading could 
agreed upon, simple enough involve less loss time esti- 
mating bridge work, loss which the unsuccessful 
bidder. The employment equivalent uniform loads will probably 
help the matter somewhat; there are many problematical contin- 
gencies our railroad loadings and the chances are greatly favor 
increased loadings, that well not indulge over-refinement 

but assume some gross figure sure provide amply for 
the present and somewhat for the future, the error, any, being the 
side safety the cost somewhat greater should considered 
wise investment. The extent which material forced out some 
our structures refinements calculations, leaves them often with- 
out that mere mass material which now, more than ever, realize 
necessary the staying qualities required resist impact, con- 
tinuous pounding, alternation stresses and numbers incidentals 
actual use which are difficult estimate accurately. 
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think unwise use metal less than three-eighths inch thick 
anywhere, account oxidation for one thing; our paints and paint- 
ing are not improving time goes on, and decay from corrosion cer- 
tain. When comes using five-sixteenths dne-fourth inch web 
and cover plates for girders, believe the characterization struc- 
ture” not too strong; thin cover plates are frequently distorted 
oxidation alone. think cover plates should avoided wherever pos- 
sible, and limited one two thicknesses considerable dimensions 
wherever practicable; their action with the flange angles channels 
uncertain, largely from differences elongation under stress due 
manufacture, and they are means the protection against corrosion 
often supposed. 

We, course, know really very little the actual behavior web 
plates practice, the most the rules have been using depend 
largely Gordon’s formula for columns and give results largely excess 
what know required. unfortunate that extended and 
skillful experiments full sized pieces cannot made. Some girders 
good size were recently broken abroad determine relative values 
different materials, and special attention seems have been made 
the action the webs under stress. The translator says one 
the steel girders, web was bent out its vertical plane,” but how 
did bend, did buckle, and how much? all probability bent 
sideways with the failure the girder, when the web came sustain 
all the stresses the girder. know that web plates will endure 
greater stresses than have heretofore supposed. Mr. Cooper has 
recently sanctioned some quite bold practice omitting stiffeners 
altogether from plate girders feet deep, and Mr. Thatcher 
the Buffalo viaduct used girders feet long and feet deep 
without stiffeners, the web plates being one-half inch thick. The 
counter stresses tension and compression, right angles each other 
the web, operate more forcibly than have supposed keep the 
plate vertical plane. The common allowance pounds per 
square inch for shear, and indeed all our allowances for shear, seem 
quite conservative compared with allowances for other stresses. 

The common rules for the use stiffeners seem chaotic indeed 
quite clear that they should less than the depth the girders 
apart the ends girders, otherwise the web, virtually unstiffened, 
sustains practically all the shear for length equal the depth the 
girder these points, and will for this length will for 
greater length; reasoning which logically continued omits them alto- 
gether. stiffeners are used think they should treated posts 
and the web considered tension diagonal only. plate girder 
design confuse the condition which the flange needs the stiffeners, 
supporting continuous wall masonry with that the railroad 
bridge where the tie supported edge equal the thickness 
the web and the vertical legs the flange angles. 
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extravagant use stiffeners has been introduced some the 
iron manufacturers starting the ends girders with backs angles 
facing from the ends, when the middle reached instead omitting them 
entirely theory would dictate they double the stiffeners this point, 
bringing the angles back back and riveting them together, keen 
sense symmetry not permitting otherwise possible saving ma- 
terial. 

can see good reason why should hesitate these days 
perfect plates increase the thickness web reasonable extent. 

flange angles one-half three-fourths inch thick, why not have 
the webs the same thickness necessary, when (considering labor and 
material) not thereby materially increase the cost the girders? 
The result would stiffer and more permanent girders. Thin plates 
are bound corrode dangerous extent long before the flange angles 
are materially weakened, unless they also are absurdly thin. 

The stringer should riveted between the floor beams, wherever 
practicable, thus holding the latter vertical and avoiding twisting 
the floor beams, sometimes induced when steps near the bottom the 
floor beams are used without such riveting. Provision for expansion can 
easily introduced. glad know that Mr. Waddell has aban- 
doned views once held placing stringers directly under the 
rail. Ties will not last long under the combined decay spike holes 
and support girders the same point. Suitable lateral bracing, 
which prefer place intervals less than his minimum, and 
which the floor system lends considerable aid, will prevent departure 
from vertical plane the stringers. The elasticity timber should 
utilized wider spacing stringers, lessen the effect impact 
and avoid rigidity track. 

The floor system proposed seems good one for bridges; the bolt- 
ing errs, all, the side safety. the spacing the 
guard rail had been given, this seems point which there 
considerable difference opinion. There should room for the 
wheels run between the steel rail and the wooden guard rail; and 
inside and outside rails are both used, think they should spaced 
different distances from rail, the inside guard rail being nearest 
the steel rail. hope these points and the sizes guard rails will 
thoroughly treated this discussion. 

Henry Am. Soc. E.—At the Seabright Conven- 
tion, 1891, resolution was offered, proposing the appointment 
committee bridge specificatigns, but was withdrawn account 
the strong opposition manifested. This appeared arise from 
misconception the duties such committee, and the purpose 
for which would appointed. The work proposed was not merely 
that formulating specification, and making our 
ready reference,” but rather that investigation, and 
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accomplishing for this branch the profession, what had already been 
done abroad organizations similar our own. outlining the 
present paper, its author was, doubt, inspired the same motives 
progress; and while contribute what may toward the general 
discussion, can but remember that any success here attained but 
indication the more complete results attained author- 
ized committee. The preliminary report such committee would 
take the subject where the present paper must lay down. The 
final report would incalculable value the entire profession. 

The subject engine concentrations, mentioned the paper, 
has long been vexatious one calculators. The methods and results 
exact calculations are attractive those who have time and inclina- 
tion through; but others, who look upon this subject 
from purely business standpoint rather than from professional one, 
shorter method much tobe desired. Ifrailroads adopt 
fixed type engine, and were possible for them restrict them- 
selves the use that type for all future time, the adoption exact 
methods computation, new construction, would justified; 
but when consider that all successful railroads are progressive— 
that increased business requires increased weight rolling stock, and 
that each new type engine brings with new distribution con- 
centrations—the attempt attain refined results for any particular 
type misconception judicious design. If, then, can attain 
equivalent uniform load, which shall give approximately the desired 
results, its adoption commended. 

The illusion the apparent refinement engine distribution for 
new structures, may illustrated the engines provided for some 
general specifications. these, the wheel spacing given inches, 
and the concentrations, some instances, 100 pounds. This refine- 
ment weight will not hold different engines the same type, 
and worse than useless, applied various roads with various types 
engines. When addition this, the weights tender are given— 
often furnished the manufacturer—with water, but with coal, 
shows that such refinement more apparent than real. 

tender, when fully loaded with water and fuel, will have approxi- 
mately equal weights upon each axle; but the coal neglected, being 
placed mostly over the forward wheels, these concentrations will differ 
several thousand pounds. This the condition, however, under 
which the weights are often furnished from the shops, and several 
instances they have been introduced, without change, into bridge speci- 
fications. tender, with water, designed for heavy consolidation 
engines, weighs about 18000 pounds each the forward axles, 
and about 20000 pounds each the rear axles. Add this, 
000 coal with which these tenders may loaded 
boarding the sides, often done, and have 000 pounds 
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each the four axles. The tenders the proposed typical engines 
would therefore appear considerably too light, particularly for the 
heavier classes. The weights the pony wheels the engines, 
the other hand, appear excessively heavy, and would probably not ex- 
ceed 000 pounds for the heaviest type. 

assigning the maximum concentrations which bridges may 
subjected the future, must consider the present conditions which 
are apt govern them. The maximum concentration use to-day 
000 pounds. This has been the case for number years heavy 
passenger engines, and the roadbeds several the most important 
lines have already been modified meet it. also appears the 
heaviest concentration use abroad, and not much ex- 
ceeded with the present gauge. This, then, the natural limit for the 
concentrations consolidation engines, and would seem better 
outlining set typical engines, have this assumed maximum, 
and deduce the others uniform decrements desired. 

The practicability outlining set typical engines, proposed, 
and formulating tables equivalent uniform loads, varying with the 
different lengths span, can only proven experience. 
doubtful whether they will prove attractive maintaining engineers, 
for insertion their specifications. These specifications are already 
growing very cumbersome, and insert tables would only make them 
appear more so. would probably more practicable insert one 
these types, leaving the tables for use desired. The most practi- 
cal substitute for engine concentrations, for insertion specifications, 
the uniform load, with single concentration proposed Mr. Geo. 
Pegram, Am. Soc. E., several years ago. The reason that 
this has not already been widely adopted, because the difficulty 
ascertaining the equivalent uniform load and concentration, cor- 
respond given type engine. 

The wheel spacing the several engines, proposed Mr. Waddell, 
appears well chosen; though the spacing between the drivers 
usually inches less than here shown. advocating the adoption 
equivalent uniform loads for bridge construction, not necessary, 
nor advisable, abandon the system engine concentrations 
maintenance. Having generally well proportioned bridge main- 
tain, the province the engineer ascertain nearly possible 
the actual strains which subjected the engines use; and 
although our ignorance the effect impact prevents exact knowl- 
edge the results, always well define the unknown factors 
closely possible, order that experiment may gradually reduce 
these minimum. 

The assumption that ‘‘in the near future, the material for the metal 
portions railway bridges will exclusively steel,” seems mea 
little premature.. The objections its use have not yet been removed; 
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and although the development its manufacture has enabled its pro- 
duction with much uniformity and economy that wrought iron, 
still has the same objectionable structure. The objection the use 
steel railway bridges is, that resembles refined, ductile, homo- 
geneous cast iron, rather than fibrous wrought iron; and although 
recent practice has gradually reduced the carbon until its composition 
approaches more nearly that wrought iron, has never yet been 
given fibrous structure. this fact that the present objection 
its use due. 

Steel objectionable because the least scratch, fine im- 
perceptible the closest inspection, may time, under vibratory 
strains, lead the destruction the member. inspection can 
close enough avoid this danger, and the reduction, hardening 
elements does not eliminate it. This characteristic due its 
homogeneous structure rather than its chemical composition. 

Tests steel under constant strain are value whatever 
criterion for its use railway bridges. The development scratch 
under single application load would not noticed. The chief 
care the maintenance iron bridges, and the one which the 
closest inspection directed, the detection flaws details. 
member rarely fails because overstrained material. There are mem- 
bers bridges which have been use for years, with strains far ex- 
ceeding those usually allowed, and which are safe; but there are de- 
tails which, all outward appearance, have been perfectly sound, but 
have suddenly developed flaws which, had they not been detected be- 
fore the passage train, would have resulted bridge failure. 
for this reason that engineers hesitate adopt material the char- 
acter which favors the development such flaws. 

The general use steel would seem objectionable for the reasons 
mentioned, but cite the drifting test authority for its use with- 
out reaming, would seem worse than depend upon the single appli- 
cation load show the slight flaws. The stand- 
ard drifting test” value only discovering hard spots the 
immediate vicinity the hole, but cannot detect cracks scratches 
caused punching, the presence which render reaming necessary. 
Enlarging the holes drifting, forces the metal back upon itself, and 
tends close rather than open these defects. may indicate soft 
material, would also tension test, but demonstration that soft 
steel does not require reaming, the drifting test delusion. 

The use steel rails sometimes cited argument for the 
adoption this material railroad bridges. When bridges receive 
the same incessant inspection all their details, when bridge mem- 
bers can replaced quickly and with little expense can 
broken rail splice bar, and when the failure bridge attended 
with nothing more serious than derailment—then may the general 
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use steel advocated for railway bridges; but until this true 
well proceed with caution. 

That the specification 150 pounds per linear foot chord for 
wind pressure, irrespective the length span surface exposed, 
should prove unsatisfactory, The specification not 
scientific, and like all empirical clauses applicable only between 
limits. should never used general specification. The early 
specifications, provided for wind pressure pounds per square 
foot for truss bridges, and pounds per square foot for unloaded 
trestles. More recently the latter pressure has also been applied 
unloaded truss spans. should not expected that review older 
bridges would show them proportioned for the heavier pressure. The 
fact that the exposed surfaces truss bridges moderate span 
approximate square feet per linear foot bridge, renders the em- 
pirical wind specification convenient application, but should not 
mistaken for general clause. 

The adoption the right line formula for compression members, 
instead the Gordon formula, Rankine, has become 
quite engineering fad. more accurate, and with the use 
tables, now universally adopted, easier application; but the 
profession has apparently become restless for want better formula, 
and, for change, adopts empirical one. The chief labor pro- 
portioning columns, the calculation the moments inertia, 
(unless these, too, are tabulated), and from this used Rankine 
more directly deduced, than the value used the right line 
and while the latter formula purely empirical, that 
Rankine thoroughly rational origin. The plea that the constants 
the Rankine formula are liable varied, and thus render the use 
tables difficult, hardly justifies the adoption formula wherein 
even greater variety constants had been used. 

The Rankine formulas, which are most recent, and now very gen- 
eral use, are 


000 
One end fixed........ 
000 
000 


‘and for those who have tables their own, very convenient ones 
can found page 147 Carnegie’s Pocket Book,” edition 1889, 
later. 
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noticed that Mr. Waddell suggests the use the Launhardt 
formula for truss members, but for girder spans and for details, pro- 
poses constant allowable strains. the Launhardt formula—and the 
principle the fatigue metals which based—is true 
truss members, even more true the floor system and details, 
and its omission the one case would justify its omission altogether. 
The chief objection the Launhardt formula the amount extra 
labor involved its application, and probably for this reason that 
the proposition made restrict its use the general parts the 
structure. Another objection is, that knowledge 
fatigue which not possess. spite these objections, how- 
ever, the adoption this formula was marked improvement the 
scientific practice bridge construction, and has caused modifica- 
tions most the earlier methods proportioning. will probably 
remain use until some equally rational, though less laborious 
method devised. examination experiments indicates 
that quite consistent with their results consider the effect 

‘live load about twice injurious, under continuously repeated 
strains, that dead load. Under these circumstances the dimen- 
sioning would much simplified the use different unit strains 
for live and for dead loads, with proper provision this 
end, Mr. Schneider, Am. Soc. E., has already framed 
specification, which provides for the fatigue under live load 
strains constant his formula for impact. this respect his 
specification probably the most advanced any yet general use. 

Am. Soc. E.—I heartily agree with Mr. Waddell 
the desirability wheel load concentrations now 
universally used bridge specifications another method. One, 
judgment, equally correct results, the use uniform load 
per linear foot track, plus weight. Such method is, 
think, easier application than equivalent uniformly distributed 
load recommended Mr. Waddell. The method name 
means new, for long ago 1875 calculated number spans 
the following specifications. The strains the trusses will com- 
puted for the following loads. There will assumed moving load 
200 pounds per foot track, spans from 100 feet; 000 
pounds spans from 100 150 feet, and 800 pounds spans from 
150 200 feet. addition the weight the trusses, floor and 
track, and the strains thus deduced, must added the effect due 
concentrated weight 000 pounds each track, moved across the 
bridge. The strains upon the entire floor system will computed for 
moving load 000 pounds per foot track.” Also, Mr. George 
Pegram, Am. Soc. E., the for June, 1886, 
called attention such method, and his paper gave some interest- 
ing comparisons covering spans high 400 feet. 
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verify Mr. Waddell’s Table Equivalent Uniformly Distributed 
Live Loads, given page his paper, submit herewith Table 
No. which computed February, 1884, and which for consol- 
idation engine and tender weighing tons feet. The loading 
and spacing for this engine are givenon Plate XXII. very nearly 
like Mr. Cooper’s Class engine, shown page Mr. Waddell’s 
paper. 

TABLE No. 
TaBLE Moments, End Shears and Cross-girder 


Loads for 88-Ton Consolidation Engine, and uniformly distributed 
loads equivalent thereto. 


Eighty-eight-Ton Consolidation Engine and Tender, feet long, out 


out. 
Max, Moments. END SHEARS, CROSS-GIRDER LOADS, 
Span actual Max Actual End Actual Max. 
linear foot Shear. linear toot linear foot 
Pounds. Pounds, Pounds. 
234.0 38.3 470 61.7 694 
318.0 400 42.6 010 
332.0 356 43.4) 963 
40.....| 085 47.2 720 
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Table No. also give similar data for heavy passenger engine, 
such span lengths, beyond which the results would less than 
those given for the 88-ton consolidation engine Table No. 

TABLE No. 
Moments, End Shears and Cross-girder 
Loads for 100-ton Fast Passenger Engine, and uniformly dis- 
tributed loads equivalent thereto. 


One hundred-ton Fast Passenger Engine and Tender, feet long, 
out out. 


Max. MoMEnts. END SHEARS. CROSS-GIRDER LoOaDs. 


Equivalent Equivalent 

. |Actual Max.) load perjActual End) load peg load per 


5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 


This heavy passenger engine weighs, with its tender, 100 tons 
feet, follows: 
Two pairs truck wheels tons......... tons. 


Total engine and 
The spacing the wheel loads is: 
Rear truck wheel leading 
Rear driver first pair tender wheels........ 


Total length engine and tender........ 54’ 


Span | { | | j 
in 
Feet 
UUDGB, OUDGS, oungas, 
1 80 000 80 000 20.0 40 000 
2 40 000 40 000 20.0) ,; 20 000 
3 26 667 wt 26 667 WUlo 13 333 
a 20 000 ° 20 000 20.0'3 10 000 
5 16 000 & 16 000 2.0;°9 8 000 
6 _ 13 333 13 333 20.0 6 667 
7 11 430 11 430 
8 10 000 10 000 
9 | 8 888 9 876 
10 8 9 600 
11 7 272 9 258 
12 6 666 8 890 
13 6 154 8 520 
BD a 6 800 


7 
; 
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BLAND 
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Combining Tables Nos. and Table No. 3is given the maximum 
bending moments for spans feet, due either 100-ton pas- 
senger engine 88-ton consolidation engine, whichever the greater. 


TABLE No. 


TaBLE Moments, due 88-ton Consolidation 
100-ton Passenger Engine, whichever the greater, and equivalent 
uniformly distributed load per linear foot, corresponding 
pounds per foot 000 pounds. 


Equivalent 
Equivalent; uniformly 
Distance from|Actual Maxi-| uniformly distributed 


Span Case center of| mum Mo-| distributed | load corre- 
feet, 4 critical load.| track. linear foot) 2800 pounds 
Feet. Foot-tons, of track.| per foot, 
Pounds. + 28 000 

pounds, 

0 10.0 40 000 30 800 

* 0 20.0 20 000 16 800 

ned 0 30.0 13 333 12 133 

- 0 35.0 11 430 10 800 

65.0 154 7107 

* 0 81.0 5 760 6 533 

1.125 left. 99.6 512 094 

123.2 5 460 5 

o = 158.8 5 248 5 345 

ee “ 182.5 5 070 5 133 

234.0 4776 800 

“ o 248.0 4716 4731 

« ad 290.0 4 532 4 550 

346.0 4272 4 355 

“ 1.25 left. 362.7 4 238 4313 

376.6 4170 4274 

392.6 4130 236 


Plate XXII represented the variation the maxima effects due 
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the 88-ton consolidation engine, and likewise shown how the re- 
sults using loading 800 pounds per linear foot, plus concen- 
trated weight 28000 pounds, compare with those from the actual engine. 
Mr. George Bland, Am. Soc. E., whom showed the fore- 
going tables the spring 1885, suggested the use uniform load 
connection with concentrated weight, practically equivalent 
all respects the maxima effects got considering the wheel loading. 
plotted the results from the tables diagram, and decided 
think) on3 000 pounds per linear foot, plus 24000 pounds, well fitting 
the actual curves. have frequently tested this suggested loading 
comparison with the results from wheel concentrations, and wide 
range spans have always found gave exceedingly close approxima- 
tions. 

may add that the Tables Nos. and were computed from the 
expression— 


where max. bending moment. 


summation the moments the loads the span 
around the critical load origin, regard being had 
sign. 


around the critical load origin, regard being 
had 


spacing the wheel loads, 


The critical load the one under which the maximum bending mo- 
ment occurs. For further explanation the above expression, see 
paper, Method Computing the Absolute Maximum Bending 
Moment Stringers, etc.,” published The News for 
February 2d, 1884. 

Table No. given the maxima bending moments due two 
Pennsylvania Railroad consolidation engines shown its specification 
1887, and for comparison also given the maxima center moments 
from the loadings 000 pounds per linear foot plus 000 pounds. 
and from 200 pounds per linear foot plus 000 pounds. Plate 
there are plotted these results; maxima moments from 
the Pennsylvania Railroad passenger engine specification 1887. 
examination the following table and diagram will show the 
degree approximation which given the two assumed loadings. 


ond 


wn 


Pel 
« 

5 


ae 200 


| AXIS OF] SPAN® IN| FEET. 
Go - Be 3° 


PLATE 


TRANS.AM.SOC.CIV.E 
BLAND 
R.R.BRIOGE 


1©0 TON CONSOLIDATION ENGINES TENPERS. 


AX. MOMENTS IN FOOT-TONS 


eee 
+4 


pounds, 


TABLE No, 


Engines—Pennsylvania Railroad Specifications 1887. Also the 
Maxima Center Moments from 3000 pounds per linear foot 
000 pounds, and from 200 pounds per linear foot 000 


Case 


Span 


Number, 


Distance 
from cen- 
ter of span 
to the criti- 


cal load, 
Feet, 


Actual Max- 
ima Mo- 
ments 
foot-tons 
per track. 
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Max, Center | Max, Center 


Moments| Moments 


due to 3 000 |due to 3 200 
pounds per | pounds per 
linear foot | linear foot 
+ 80000; + 32 000 


pounds, 


Foot-tons. 


pounds, 
Foot-tons. 


Any driver. 
“ 


Pris 


1.125 left. 


1.125 left. 


“ 
“ 
“ 
“ 


0.26 left. 


1.31 


0.21 left, 


4 


13..... 78.50 80.54 
15..... 101.25 98.44 
18..... 139.22 128.25 136.8 
20..... 168.80 150.00 160.0 
183.62 161.44 172.2 
228.16 198.00 211.2 
25..... 210.94 225.0 
30..... 325.16 281.25 300.0 
33..... 376.14 327 349.8 
43..... 554.11 541.8 
45..... 596.10 585.0 
49..... left. 679.19 676.2 
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TABLE No. 4—(Continued). 


from cen- | due to3 000 |due to 3 200 
| Case Critical ter of span pounds per | pounds per 
Feet, Number. Load. to the criti- foot- tone linear foot | linear foot 
cal load. stack. | + 30000/ + 32 000 
Feet. | pounds, pounds, 
Foot-tons, | Foot-tons, 


Ix. 0.18 left. 797.06 799.2 
1.31 left, 847.25 904.8 
TABLE No. 


Moments due two Consolidation Engines 
and Tenders, each 110 tons, feet total length. Showing also 
Maxima Center Moments due 400 pounds per linear foot 
track 000 pounds concentrated. 


Maxima Center 


Distance Maxima; Moments due to 


Span Critical Center 
= pan) Moments in| 3400 pounds per 
Case Number. Load. the foot-tons linear foot 
track. 34000 pounds. 
Feet. 
1.125 left 31.0 47.6 
1.125 left 198.4 195.3 
1.25 470.8 468.4 
0.388 left 645.1 645.1 
0.09 right 792.6 795.6 


56. 
60..... 
61..... 
64..... 
65..... 
cose 
We. 
TB. 
80..... 
| 
! | ! | 
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Table No. given the maxima bending moments from 
two typical consolidation engines somewhat heavier than the engines 
the Pennsylvania Railroad specification 1887. These engines 
(and tenders) each weigh 110 tons feet. The spacing shown 
Plate and the loading follows: 


Total engine and tender............... 


The Table No. shows how closely the maxima center moments 
from 400 pounds per linear foot, plus 000 pounds, coincide with the 
actual maxima moments. examination the tables and diagrams 
already mentioned will, think, show the validity Mr. Waddell’s 
claims, and also indicate that uniform load per linear foot plus 
concentrated weight covers the case well. This latter also appli- 
cable the computation stresses framed structures, giving 
slight excess above the actual stresses the counters and central 
panels web members, very excellent place, the way, have 
surplus 

Taking the loading where uniform load per linear 
foot, concentrated weight. Then for girder spans, where can 
act continuously: 

flanges.—The maximum moment any point from the right 
abutment, occurs where the span fully covered with per linear 
foot, and acting the point 


When that is, when center span, the greatest maxi- 
mum movement occurs, and is— 


maximum shear any point from the right abutment 


When the greatest maximum shear occurs, and is— 


Cross Girders.—The maximum load cross girder given 
For girders where acts discontinuously, for truss bridges, the 


same principles hold good, using, however, the panel load 
n 


(where the number panels) connection with The maxi- 
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mum any panel point for the chords, when the span fully cov- 
ered with every panel point, and the panel point question; 
and the greatest maximum moment occurs when the center 
the span. The maximum shearin any panel from the right abut- 
ment, when each panel point the right loaded with and 
there load the first panel point right will seen 
that the loading conforms fairly closely the results derived 
using wheel concentrations, and where there divergence due 
some singularity the wheel spacing peculiar relation between 
and the panel length; or, again, ratio between tender wheel loads 
and those drivers, which ratio usually two-thirds. The uniformly 
distributed load equivalent the moment from the engine, 


which the assumption made that the engine maximum the 
center the span. matter fact, not always so, but still 
never deviates much therefrom. (See Table No. 4.) The uniformly 


distributed load equivalent the loading is— 


Neither the maxima center moments 


nor vary 
much from the engine moment and any ordinary variation incon- 
siderable view the fact that the assumed static wheel loads, par- 
ticularly the driver loads, are subject local changes :—such 
changes those caused the centrifugal action the driver coun- 
terweights, varying according speed and kind engine, the 
oscillations due non-balance engine its springs, and the 
variations static load drivers from rough track low joint. 

Calculating stresses from wheel loadings tends make the com- 
puter feel more than warrantable confidence his results, being 
the true stresses the several members. They are, indeed, true the 
loads would remain static, which they not. allowance for impact, 
etc., were the same basis certainty the static stresses from wheel 
loading, there would great fault find; but methods for making 
such allowances are crude and seem insoluble exactness. Nor would 
there any objection the use wheel loading, despite the time 
wasted preliminary designs such Mr. Waddell speaks of, the 
end, the results attained, closer accordance with the real and true 
stresses the structure were obtained. seems me, that the alter- 
natives suggested, closely accordance with the wheel load results 
when statically considered, are (their simplicity and ease applica- 
tion being fully weighed,) fitting substitutes for the method now 
vogue, and especially when two specifications are alike regards 
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their typical engines, the differences frequently being just enough 
make them unlike. 

the use uniform load per linear foot, plus concen- 
trated weight, easier application than that uniformly distri- 
buted load equivalent the engine maxima moments. the former 
the calculations are exceedingly simple and direct; the latter, one has 
have his memorandum book his diagram moments always 
hand, get the necessary equivalent uniformly distributed load, 
varying, does, for every span for even the same engine. 

Regarding another point which Mr. Waddell makes—the examina- 
tion stress sheets tendered railroad companies competitive 
bidding,—if the scheme used, every sheet could tested 
the one standard whereas, now, man has his doctrine,” 
though there absolutely mathematical, correct way getting the 
static stresses due wheel loading, which neither troublesome nor 
tedious. may say such score, have very great fault find 
with the present wheel concentration requirements. However, the 
former method, the time shortened alike the designer and the 
railroad company’s engineer comparing the several designs. 

would welcome the adoption specification which, like Mr. 
Bouscaren’s specification 1887, the live load requirements were simply 
stated giving the values and which corresponded broadly 
the rolling stock which governed, would time govern, the bridge- 
work the line. admit the great value which think the wheel 
load requirements have been us. The consideration the actual 
thing which crosses our bridges has turned attention just what that 
thing is, and have realized way never before attained, what 
local variations loading engine subject, and some insight into 
the causes such variations; and though exact means hand 
determine the true dynamic stresses resulting from these variations 
wheel loading, this very uncertainty paves the way for other and quicker 
methods getting the static stresses, which can (as now) 
make allowances for impact, etc., either percentages the apparent 
(static) stresses, diminution the working stresses, and attain 
results equally worthy confidence. 

Mr. Waddell remarks. assumed loads for computing 
stresses bridges are merely typical,” and the provoking differ- 
ences these wheel concentrations for practically the same class 
bridge, which makes especially hard the engineer bridge 
company, whose daily duties are increased having furnish 
with his bid stress sheet complete—any minor inaccuracies which 
throw doubt his company’s integrity capacity undertake the 
work, and makes easier give the work the bridge company, 
which, the author states, may have the track.” 

Mr. Waddell also objects the insult” the computa- 
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tions being required cover two different types engines, some 
cases three. Such demand necessary when wheel loading used, 
for the heavier concentrations the drivers eight-wheel engine, 
even though farther apart, affect small spans. example this can 
seen inspecting Tables No. and where the heavy passenger 
engine governs the flange stresses spans feet, the end shears 
feet, and cross-girder loads feet. This last perhaps in- 
frequent, and the increase end shears beyond feet inconsider- 
able. may remarked, however, that the Pennsylvania Railroad 
use feet panels their through plate girder spans. The use the 
loading covers well all these divergences. 

The Proper Live Load for Modern Bridge Specifications.” 
Increase engine weight and car capacity has been steadily going 
since Mr. Cooper wrote his first specification, and the limit not yet. 
Car capacity has steadily grown from the 000 pounds few years 
ago the very ordinary 60000 pounds to-day. Engine weight, 
which ten twelve years ago was for heavy consolidation engines, 
700 pounds, 700 pounds which was the drivers, has increased 
114 600 pounds, 100 600 pounds which the drivers, increase 
per cent. drivers, per cent. increase weight the 
whole engine. 

Class passenger engine Pennsylvania Railroad weighed 800 
pounds; Class the same line, weighs 700 pounds, and Class 
weighs 100600 pounds; roughly increase weight the later types 
per cent. Excluding such peculiar types the Gubernador 
Central Pacific, having 121 600 pounds ten drivers, and the Baldwin 
Decapod 128 000 pounds, ten drivers; and, later, the engines 
working the St. Clair Tunnel, Grand Trunk Railway, having 180 000 
pounds ten drivers, space 18} feet, all which were designed 
for special work comparatively limited localities; are justified, 
think, saying that the increased requirements railway traffic 
the past ten years have demanded about per cent. increase the 
weight the engines. other words, the driver loads engines 
the consolidation type have increased from 000 000 pounds per 
pair. 

regards the cars, while the capacity has increased per cent., 
the weight has increased but about per cent., the total loading 
but per cent. The present stock weighs loaded about 500 
pounds per linear foot track, the length being about feet, and the 
wheel base about feet; and allowing for overloading, these cars would 
weigh probably close 700 pounds per foot track. 

Roughly speaking, then, the past ten years has witnessed increase 
engine weight per cent. and car weight 
per cent., the former affecting materially floor systems and spans 
say 100 feet and under, and the latter affecting all other spans 
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least per cent., since the train load lines having this kind 
was formerly rarely assumed less than gross ton per foot. 
some lines the increased weight train load would cause excess, 
since even ten years ago the rolling load was assumed 000 pounds 
per linear foot. 

Tables Nos. and give data for rolling stock actual use 
present Colorado and Utah, and Tables Nos. and the 
Colorado engines are compared with Pennsylvania Railroad engines 
and with English engines doing same class work. Inspecting 
Table No. and bearing mind that Class is, think, the 
heaviest consolidation type now use that line, seen that the 
Denver and Rio Grande Class 112 but 2100 pounds lighter, 
engine and tender together per cent. heavier than Class that 
the Colorado Midland Consolidation engine has per cent. more 
weight the drivers, the engine and tender together being per 
cent. heavier than Class however, carries per cent. more water 
and 100 per cent. more coal, operating does per cent. line. 

Table No. comparison made the eight-wheel Class 
the Pennsylvania Railroad with the ten-wheel engines Colorado 
and Utah, these latter being used for all passenger service well 
for light freight trains. will noticed that the Colorado Midland 
ten-wheeler has 500 pounds each driver 


TABLE No, 


Low Flat 
Hopper 4 
Gondola Car —Con- 
Coal Car. Box Car. | Stock Car. 
* | Draw Bar. 
Length out to out of bull-nose 34’ 6" 30° 6” 34° 84" 34’ 6” 34’ 6” 
Length over end sills,........ 32’ 0” 28° 0” 32’ 0” 32’ 0” 32’ 0” 
Max. width of car, out to out. 9 8” 10’ 0” 9 2 9’ 3” 9 3" 
Kind of truck.......... 4-wheel 4-wheel 4-wheel 4-wheel 4-wheel 
Wheel base of truck.... 4° 8” 4 8” 4° 8” 48" 
Capacity of car...... ...se.s0 60 000 60 000 60 000 60 000 60 000 
Total weight of car and load.. 84 000 85 000 81 000 86 000 86 000 
Weight per linear foot of track 2 435 2 785 2 335 2 495 2 495 
0.42 0.35 0.43 0.43 
capacity 
0.29 0.26 0.30 0.30 


total 


for overloading, 2700 pounds per linear foot will cover the 
weight of train. 
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TABLE No. 


Class Class 133}. 


| Class R. Freight 
| Consolida- | Colorado | Consolida- 
= and| Consolida- |Rio Grande Northern 
Railroad |Rio Grande|tion Engine,| Western Railway 
Weight on pony truck......... 14000 16 700 12 000 16 700 aaot 
six 
Weight eight drivers...... 100 600 800 114 000 300 160 
Total weight engine........ 114 600 112 500 126 000 115 000 160 
Weight of tender loaded...... | 67800 68 000 82 000 68 0v0 58 800 
Total weight of engine and 
180 500 208 000 183 000 148 960 
Rigid wheel base 13’ 10” 13° 6” 14’ 6” 13’ 6” 17° 7” 
Total wheel base engine and 
Total length engine and ten- 
der, Out to 57’ 8” about 58° 58° 0" 60° 0” 
Water capacity of tank.. 3000 gals, |............| 4000 gals, | 3 200 gals, 
Coal capacity of tender........ 8 000 Ibs. |............| 16 800 Ibs, | 15 680 lbs. eesecces 
generally 
General grade..... land 14% 
12° 16° about 10° 
TABLE No. 


Class 106,! 


Colorado Grande 
Class P, Pas-| Passenger Midland) Western 
senger| and Freight. Railwa Seilwa English 
Engine,| Deuver and y y Express 
Penna.| Rio Grande Engine. 
1838, 
| 
Number of drivers........... 4 6 6 6 2 
Weight on trucks............ 40 850 26 300 21 | 
Weight on drivers............ 65 150 84 400 98 950 >. 34 000 
Total weight of engine....... 106 000 106 700 120 8100 >= 85 000 
Weight of tender, loaded..... 60 000 68 000 82 000 gx coceccccces 
Total weight engine and 
Total wheel base engine 
Total length engine and 
tender, out to out... os 56’ 2” 58’ 0” 56’ 9” 
Coal capacity of tender.......| 12 000 16 800 Ibs, Ss 
Diameter 68” 54” 57” 
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Bridges different capacities will, course, required, according 
the varied positions the lines, the kind and volume the traffic, 
actual probable and the gradients and alignments, the last two 
governing the class locomotives used. Mr. Cooper’s four 
diagrams consolidation engine loading, seem cover broadly 
the several classes railways operating the United States. agree, 
however, with Mr. Waddell his plea for more uniformity and greater 
simplicity the spacing the loads. For consolidation engines all 
the spacing could, think, multiples feet. would exclude 
the mogul engine and its 000-pound train load, and assume the train 
loads for the heavy grade, extra Class Class and Class 
respectively 000, 400, 800 and 500 pounds per linear foot. 

Retaining Mr. Cooper’s notation, the system calculation 
scheme could written follows, and which think 
would give practically the same class bridge. 


Heavy Grade...... 4000 pounds 000 pounds. 


These would correspond pretty well with the following engines: 
First.—Heavy Grade Consolidation Engines and 000-pound train. 


each truck and tender axle............. 000 pounds. 
Total weight engine and tender...... 
Second.—Extra Class Consolidation Engines and 400-pound 
train. 
each truck and tender axle............ 000 pounds. 
Total weight engine and tender...... 
Third.—Class Consolidation Engines and 800-pound train. 
each truck and tender axle............. 000 pounds. 


Fourth.—Class Consolidation Engines and train. 


each truck and tender axle........... pounds. 
Total weight engine and tender...... 158 000 
All the foregoing engines have the following spacing: 
Three driver spaces 15’ 
Rear driver first tender wheel............ 10’ 


Length engine and tender out out 60’ 


each driver 24000 
Total weight engine and 
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Table No. gives the typical consolidation engines use the 
Denver and Rio Grande Railroad compared with those the Penn- 
sylvania Railroad’s specification 1887. 


TABLE No. 


used Bridge Specifications the Denver 
and Rio Grande Railroad and the Railroad. 


lrypical Con- 


solidation En- gine. Denver 


gine of Penn- and Rio 


Railroad. Spe-| Grande Rail 
cifications of, 


1887. 


Weight on pony trucks......... 16 000 
Weight on each pair of drivers. ........0.00sececcceesccrees 30 000 
Weight on four pairs of drivers......... 120 000 
Total weight of engines ... 

Weight on each tender axle 

Total weight of tender..... 

Tota' weight of engine and tender 

Rigid wheel base.. 

Engine wheel base. esescecce 

Tender wheel base 

Total wheel base of engine and tender.. ° 

Total length of engine and tender, out to ont..... ° 


While the assumed driver loads each are the same, the tender 
loads the former are necessarily greater, having carry more coal 
and water. The Denver and Rio Grande engine and tender just 
per cent. heavier than the present requirements the Pennsylvania 
Railroad. That this excess justified seen reference Table 
No. actual data, and moreover think the chances for further in- 
crease the weight engines are greater such lines the Denver 
and Rio Grande than the Pennsylvania Railroad, though the 
matter train load the reverse would the case—the one operating 
comparatively low grade line, the other line having maximum 
gradient per cent., and curves and degrees. should 
mentioned too that the Colorado Midland consolidation engines (and 
tender) weighing only per cent. less than the typical consolidation 
engines the Denver and Rio Grande, for several months this year 
ran over miles the Denver and Rio Grande tracks. 

Considering the Tables Nos. and which shown 
that the car stock the Denver and Rio Grande Railroad abreast 
modern requirements, the actual consolidation engines use slightly 
heavier than those the Pennsylvania Railroad, and the typical con- 
solidation engine necessarily per cent. heavier, for reasons already 
given, than that the latter line; the question arises: the assumed 


. 
000 
000 
140 000 

20 000 
80 000 
220 000 
13’ 6” 
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engine loads are practically alike, should the bridges designed 
with the same margin strength that is, should the same working 
stresses used answer would be, bridges the former line 
should made fully the very best requirements present 
practice, while those the Pennsylvania Railroad and like lines should 
have wider margin strength than now obtains. 

Excluding shifting engines Denver, there are all told about 
seventy trains per twenty-four hours belonging and Rio 
Grande tracks, whilst the Philadelphia terminal the Pennsylvania 


Railroad there are, perhaps, close six hundred trains every twenty- 


four hours. Out well the line the Denver and Rio Grande there 
are possibly more than twelve fifteen trains per day, whilst 
the Pennsylvania Railroad Division there are least one hundred and 
fifty. carry the comparisons farther away, Clapham Junction, 
London, there train passing average every fifty-four 
seconds from a.m. and Cannon Street Bridge, London, 
thirty-five trains have been counted many minutes. 

Our specifications, worthy the name, make differences bridges, 
depending only differences assumed loading, the stresses 
used being the same; that is, all the bridges are first-class 
regards dimensioning. The same assumed loading will give the same 
bridge, matter where its location what kind line. 
make bridges presumably last unlimited time under 
assumed loading, using factor about three quantity beyond 
which unlimited number repetitions will not cause rupture, 
else use working stresses about one-third the elastic limit, 
lowered certain instances arbitrary quantity allow for impact, 
etc., and yet increase assumed loading about per cent. has 
seemed cause signs weakness appear bridges presumably 


made. How this can hard understand, unless our marginal. 


factor three involves reality less margin than supposed. 

The Wohler-Launhardt scheme was based experiments pre- 
pared test pieces, and loads supposed gradually applied 
intervals something like fifteen seconds. becomes question 
what extent suddenly applied loads would affect the ordinary state- 
ment these experiments. Kirkaldy found reduction about 
per cent. ultimate capacity, suddenly applying load, without 
jerk” but some such way with jerk” that our live loads 
are applied. From some points view would seem that rapidly 
passing train exerts less damaging effect bridge than were the 
speed less, especially the track good. Clearly our bridges will 
not last unlimited time, and equally clear it, such the case, 
that the amount actual probable traffic demands place bridge 
designing. the line cited, most exaggerated estimate pros- 
pective traffic would not, fifty years, reach one-fourth that now 
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the Pennsylvania Railroad; and think likely, considering the 
grades, now their engines are heavy the latter’s, can look 
for increase weight sooner than the Pennsylvania Railroad still 
under the same loading one bridge doing nearly ten times the work 
the other. 

have examined very fair number bridges, and, the basis 
first-class working stresses, some instances found them overstrained 
per cent. when passed the engines use, fact 
which should cause uneasiness, considering the infrequency the 
loading, and there being evidences weakness. Had these bridges 
been crossed from one hundred four hundred trains per day, the 
case would, judgment, very different, though the unit stresses 
caused every passage would, each case, have been the same. 
design, too, figure for double headers, though their use small 
proportion trains headed one engine, except, course, cer- 
tain heavy grades, where double headers are the rule. 

short time ago, Philadelphia newspaper, was stated that 
bridge over the Schuylkill River was being strengthened because 
had grown ‘‘tired” under the passage about 500 trains per day. 
the cost the repairs was put down $25 000, and being 12} 
per cent. the original cost the bridge, fancied the statement 
substantially true, though write under correction. Here 
bridge designed eminent engineer, built most reputable 
bridge works, presumably proportioned for the heaviest engines ten 
years ago, and working stresses, anything, lower than general 
use, and least greater than tons per square inch lower chord 
and main diagonal bars. 

The bridge used principally for passenger and express traffic, for 
such are the trains which form the greater proportion the five hun- 
dred stated. increase weight per cent. engine and train 
over that for which was designed, would only raise the unit stress 
tension tons per square inch, which least still under one-half 
the elastic limit, and yet report says the bridge The 
same bridge under the same loads but less frequent application 
them would, dare say, show signs weakness nor necessity 
repair. is, does not show the necessity making bridges 
which bear such frequent passages the load with wider margin 
strength than those, which, though under the same loading, are 
situated now get but few applications it, and never likely 
get many five hundred daily, year and year shows 
too the best designed bridges not have unlimited life, the 
supposition fixing the working unit. 

The New York Elevated structures have required strengthening 
during the past few years; their engines, seems, have been increased 
some per cent. weight, and the number trains daily, multi- 
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plied enormously. Originally, doubt, the bridges were well pro- 
portioned, with the design and workmanship least the average 
standard their day. If, under the originally assumed loads, the 
working stress was low enough fit the supposition unlimited 
life, would increase per cent. the load itself, raise the unit 
stresses limit where weakness was exhibited 

seems highly probable that very frequent applications such 
loading cause dynamic stresses quite beyond what supposed, and 
bridges terminals and like places, passing hundreds trains daily, 
some often one minute for least twelve hours per day, require 
greater margin safety than now given even under the 
usual assumption unlimited life. 

Regarding the structure mentioned the discussions ‘‘Inspectors 
and Bridge Work,” Transactions for December, 1887, page 313, Mr. 
Cooper says: There have been, however, defects developed these 
structures which canhot clearly traced faulty design, hasty work- 
manship, want appreciation traffic demands; and not bit 
evidence can found show that the rapidity number trains 
have developed defects that would not time have been produced 
under other conditions the same loads. not believe that any 
number applications the loading will produce any more injury 
than single loading upon structure proportioned that the actual 
strains shall never exceed the elastic capacity that 

Mr. Sloan (page 310) said, The structures were designed care- 
ful engineers, and built and erected responsible bridge building 
firms” also says that increase weight engines 
from and tons, and, keep the factor safety within the 
limit prescribed the Rapid Transit Commissioners, have 
strengthened the floor beams the Sixth Avenue pin-connected struc- 
tures, and strengthened the Third Avenue girders double system 
triangulation.” 

view Mr. Sloan’s statement, the question suggests itself, was 
the design, which, Mr. Cooper states, was faulty respect the 
judgment to-day, considered the time building the former, 
though there has been great progress design during the past ten 
years, there any finality about our present knowledge and practice 
And respects Mr. Cooper’s statement regarding the action stresses 
within the elastic limit, such true, but the question arises: may not 
the dynamic stresses (repeated about one thousand times day), induced 
the structure, coupled with shock, etc., have been such that, con- 
nection with per cent. increase weight engines, the elastic limit 
has been nearly approached not exceeded 

repeated stress beyond the original elastic capacity, the limit 
may exalted,” and experiment shows very much so; but cer- 

.tainly renders the bar structure less able resist the frequently 
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repeated applications stresses, or, other words, the capacity 
endure work very much lessened. course, the engines were 
increased per cent. weight thereabouts; and the same time 
certain commissioners lowered the allowable working stresses, the re- 
quired strengthening offers subject for either comparison 
criticism, nor any grounds for argument necessity greater 
margin strength structures subjected maxima loads often 
every minute two. 

Though the question may receive answer from the Elevated Lines 
New York, the case the Philadelphia bridge State Com- 
missioners have had any jurisdiction, the required strengthening being 
undoubtedly evident the railroad officials and ordered. 
rather curious note that, both instances, the structures are 
almost entirely under passenger traffic, though, without doubt, the 
Philadelphia bridge was designed for consolidation engines followed 
mention Counter-rod,” quoted Prof. Thurston. had 
tenacity, 000 pounds per square inch; elastic limit, 000 pounds 
per square inch; fractured area original area; elongation none; frac- 
ture, facets, large, and ductility may deduced from 
elongation and contraction area, the above suggestive. would 
likewise interesting consider, for example, what Prof. Thurston 
says the law fatigue and the refreshment metals.” 

Intensities Working Stresses.—Regarding Mr. Waddell’s assump- 
tion (page his paper) that the near future the material for the 
metal portions railway bridges will exclusively steel,” may 
remarked that the most important railroad the country still refuses 
use steel its structures, even, understand, the exclusion 
steel eye-bars; and that large line west Pittsburgh, implication, 
from reading its specification, contemplates the use iron structures. 
the exclusion steel. Until such railroads can shown the errors 
their ways,” fear Mr. Waddell’s future” will somewhat 
remote. 

the relation between statically applied loads and the same 
loads applied with different velocities, Mr. Waddell says, still 
practically unsolved, and though one the most important points 
the design bridge, there seems little unanimity opinion amongst 
our best engineers regarding even the points view from which 
approach the subject. The Society has had the benefit two different 
papers which, think, are worthy close attention, viz., Professor 
Robinson, Am. Soc. E., Transactions for June, 1886, pp. 432 
437, and the same Vibration Bridges,” Transactions for 
February, 1887; and Mr. William Booth, Am. E., the 
Stresses Bridges,” Transactions for April, 1889. These papers, 
though independent, overlap some extent their conclusions, 
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especially those relating the avoidance panel length, which 
multiple the driver wheel circumference. This question, consider- 
ing the variety driver diameters any one line, seems almost 
impossible consider bridge design, allow defined place 
bridge specifications. one important railroad, for example, the 
engines use have driver diameters 44, 50, 56, 62, and inches. 

will readily granted, suppose, that live loads produce effects 
intermediate between those due static stresses and those due 
shock from body falling freely gravity. Mr. Booth, his paper 
referred to, apparently following this view, assesses the percentage for 
impact any span the ratio the times occupied respectively 
the body falling freely gravity through height equal the 
and the time occupied the center the span. 
For the deflection assumes the span, which, states, 
Professor Robinson’s observations show; this deflection the static 
defiection due live load, whereas, think, the dynamic deflection 
due live load which should enter the ratio, and this may 
twice the former, or, say, the span. Using this the equation 


for impact percentages, get, which may written 


per second; the span impact percentage. The argu- 
ment and reasoning leading the foregoing equation are clearly given 
Mr. Booth’s interesting paper, which reference here made.. 
order exhibit the variation impact percentages for. sundry spans 


and speeds, Table No. given, calculated from 
velocities 30, 40, 50, and per second, corresponding 


speeds 20}, 27, 34, 41, and 61} miles per hour. 


TABLE No. 10. 


Span in v = 30 v= 40 v= 50 v = 60 v=70 v= 90 
20.1 26.8 33.5 40.3 47.0 60.3 
14.1 18.8 23.5 28.2 32.9 42.3 
11.7 19.5 23.4 27.3 35.1 
9.9 13.2 16.5 19.8 23.1 29.7 
8.1 10.8 13.5 16.2 18.9 24.3 
6.9 9.2 11.5 13.8 16.1 20.7 
6.3 8.4 10.5 12.6 14.7 18.9 
5.7 7.6 9.5 11.4 17.1 
5.4 9.0 10.8 12.6 16.2 
5.1 6.8 8.5 10.2 11.9 15.3 
4.8 6.4 8.0 9.6 11.2 14.4 
100 4.5 6.0 7.5 9.0 10.5 13.5 
150 3.6 6.0 7.2 8.4 10.8 
200 3.3 4.4 5.5 6.6 9.9 
250 2.7 3.6 4.5 5.4 6.3 8.1 
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There also considered the centrifugal force due vertical 
non-balance the counterweights the drivers. find that average 
200 pounds per wheel acting the crank pin center, represents 
fairly closely the quantity considered. Whenthe 
the dynamic augment the wheel load given 

where centrifugal force tons due the counterweight. 
the above 200 pounds ton. 
velocity crank pin feet per second. 
radius circle described center crank pin gener- 
ally foot. 

Assuming consolidation engines having 12000 pounds each 
driver inches diameter ten-wheelers having 000 pounds 
each driver inches diameter and eight-wheel passenger engines 
having 000 pounds each driver inches diameter and further 
assuming two crank pin velocities each case, viz., and feet per 
second, Table No. constructed, which shows the dynamic augment 
when the counterweight and its percentage excess above 
the static load the driver wheel. is, course, remembered 
that when the counterweights are down one side the engine they 
are horizontal the other side, and that side exert vertical ex- 
cess; also that when counterweights are ‘‘up,” the static wheel load 
decreased the same amount was before augmented when counter- 
weights were the range variation the dynamic 
load wheel double the dynamic augment. Further, the crank 
pin velocity greater the less the diameter the driver, that small 
drivers high speeds are the most damaging. 


TABLE No, 11. 


Dynamic Driver Loads due action Counterweights, 


Dynamic 
Cran each driver excess above 
ieee second, erweight is driver load. 
down Tuns 
! 
Consolidation ...... 25 20 1.24 6.0 20 
37 30 2.79 6.0 46 
Ten-wheeler 30. 20 1.24 7.5 16 
- 46 30 2.79 7.5 37 
Eight-wheel pass... 36} 1.24 8.0 154 
za os 544 3u 2.79 8.0 35 
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any one doubts the weight which considerations such the fore- 
going should have bridge design, let him ride engine for few 
days. will then appreciate practical way how the load ap- 
plied railway bridge,—what blows the floor-system has stand,— 
the meaning and the engine working 
the weight carried the engine springs thrown now this side, 
now that—and what shocks are caused bad track low 
joints; and recalls the fact that action and reaction are equal and 
opposite, his views moving load may change. From considering 
rapidly moving body invariable distribution loading gliding over 
imaginary track without joints, will remember all the above; and 
last, but not least, will realize that the condition the track leading 
the bridge determines how the engine will acting when crosses, 
and perhaps conclude that next importance stiff floor system, 
good track leading and over it. 

Considering the form cited Mr. Waddell (page 23): 

max. stress 

this expression there allowance both for the supposed effects 
fatigue and for impact. Excluding impact, and allowing only for 
the effect unlimited number repetitions stress, the expression 
commonly written: 

max. stress 

Are not the above mere empirical modifications Launhardt’s 

formula, which the general form gave was 


w 


where 

ultimate strength the member. 

the stress which unlimited number repetitions failed 
break the bar, the bar after each repetition returning 
unstrained condition. 

the ultimate capacity the piece under one steady slow stress, 
viz., the static breaking weight. 


Now, the value, =}, gives and the value, 
gives Thus the first expression considering strength 
is,a= (1-+ and the second is, For all 
dead load both become and for anall live load the first becomes 
and the second becomes 3t; whence the form, 


Intensity constant agrees with the assumption 
max. stress 


that member under all live load repeatedly applied, capable only 
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standing one-half what would were the load all dead and once 
applied, and therefore presumably And the form, 
min. stress 
max. stress 
tion that member under live load when indefinitely applied 
capable standing but two-thirds what would were the load all 
dead and once applied, and therefore excludes impact, agreeing 
does with Launhardt’s original expression. 

The values given and will, course, vary the member 
rolled bar, plates shapes. the constant considered 
represent divided marginal factor, the result gives the working 
stress, and this marginal factor could change with due regard the 
place and office the member the structure. The use, however, 
Launhardt’s formula modifications cover impact, has 
already received wide discussion, unnecessary repeat. Paper No. 
1882 the Institute Civil Engineers, Weyrauch, goes well into 
the matter from various points view. Also the subject was pretty 
well threshed the Transactions for June, 1886, discussion 
Mr. Wilson’s specifications. The opposite views then expressed 
had able supporters, and seemed impossible reconcile them; 
nor since that time have there been, knowledge, any further 
experimental data throw light the 

have made extended use both the forms: 


Intensity constant agrees with the assump- 


n 

the former the case railway bridges, since it, least some 
extent, makes allowance for impact; the latter for roadway bridges, 
wherein, matter what view taken, difference, both kind 
and degree, the manner application live load from that occur- 
ring railway bridges. the foregoing formulas are essentially those 
based ultimate strength, seems consistent that specification 
employing them should likewise use post formulas based ultimate 
resistance. one regards the matter from the point view 
primitive elastic capacity, this view should carried out embrace 
compression members well. 

Mr. Cooper’s specification, using one-half the working stress 
for live load that allowed for dead load, inferentially adopts the 
view that live load twice destructive dead load, view, 
judgment, well take, especially considering the dynamic action 
live load coupled with shock. Mr. Cooper assesses the necessary 
section member depending the absolute amounts dead and 
live stress acting thereon, the ratio minimum the maximum 
stress not being involved. understand the Wohler experiments, 
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the range stress variation was what was primarily considered, the 
ratio minimum maximum stress not necessarily entering into the 
expressions covering the results. However this may be, and however 
admirably the Launhardt formula fits the case for railroad bridges, 
roadway bridges the manner application the live load does not 


any way conform the way which the experiments which gave rise 
the formula were conducted. 


Referring again the form 


which includes allowance for impact, the broad assumption was 
made that the effect impact diminishes with the increased weight 
the member, and the weight the web members increases with 
tolerable uniformity from the center the ends the span, equally 


There was then reduction the value per cent., which 
vanishes when since then the load being all dead, 
This formula applied web members and floor systems works 
well, but not clear why should apply chords with the same 


value for though chords and end panel diagonals the values 


are about alike, the manner application the stressesis means 
similar. The live load acts directly the stringers, less directly the 
cross-girders, thence conveyed the web members, and the 
chords, and the values through this series not, think, cover the 
history impact effect; for any diagonal bar, for example, part the 
live load stress gets there direct load, and part the cumulative effect 
from the other web members nearer the loaded abutment—with rela- 
tively from cumulative stress, and considerable from direct 
load applied the foot the bar. would seem more accordance 
with the actual state affairs deduce the working stress mem- 


amount dependent alone upon the amount direct live stress, 
the manner application and liability shock, 

The only recognition have seen something like this point 
view appears the specification for the Pennsylvania lines west 
Pittsburgh, wherein the impact covered follows: Twenty-five 
per cent. shall added the above load (the engine loading) cal- 
culating the Twenty-five per cent. the maximum panel 
load from the above engine shall added the stress all vertical 
members the web system, and its oblique equivalent all diagonals, 
end (The italics are mine.) And for riveted bridges 


256 DISCUSSION RAILWAY BRIDGE DESIGNING. 


same line, per cent. shall the above 
loads calculating the floor system. The girders shall calculated 
for addition per cent. for spans feet less, and diminish 
uniformly per cent. for spans 100 feet.” 

applying the method calculation per cent. 
would added the stress web members due one panel load, 


being the panel length; and per cent. the stresses due 


for floor systems and short spans, diminishing per cent. for 
100-foot spans. 

Calculating engine concentrations, the panel load spoken 
might considered the maximum cross-girder load, since any abso- 
lutely correct method calculating stresses from engine loading, panel 
loads are not involved. The idea advanced page could 
stated thus: That part the live stress which gets member 
cumulative effect allowed for, connection with the dead stress, 


ciple remaining live stress—the amount which acts the mem- 
ber directly—that is, its static amount—to allowed for greater 
unit than 000 pounds per square inch; then each member will, 
judgment, proportioned closely accord with the real action the 
loading. will noticed that this will give varying percentage 
total live load stress for impact; each member. 

The specifications just referred to—those the Pennsylvania lines 
west Pittsburgh—are opinion among the best existence, 
certainly the best emanating from railway company. And they con- 
tain germ, atleast, what would reply many points raised 
Mr. Waddell his paper, notably regard the following: Spacing 
stringers and deck plate girders; use end floor beams; stiffening 
the two end panels the lower chord; ‘‘squaring” the ends string- 
ers skew bridges; camber pin connected and riveted bridges; 
minima sections and thicknesses; and generally the requirements 
regarding plate girder bridges. 

Am. Soc. E.—In the consideration the 
question whether concentrated uniform loading should 
used, there one class problems that seems often overlooked; 
but the frequency with which they occur warrants careful consider- 
ation them devising scheme loading for general use. The 
railroad engineer not only concerned with the loading for his bridge 
specifications, but frequently called determine whether 
some special engine other concentrated load can over his road 


without damage the existing bridges; and not unusual for him 


decide whether certain class engines may not used 
the road. 
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solve problems this kind readily necessary deal with 
the actual concentrations, have some general method arriving 
close approximations. The method proposed the author requires 
the determination the empirical co-efficients the formula 
for each loading, and would assistance the solution 
such problems noted above, unless the tables covered very wide 
range. The method using equivalent uniform loading, deter- 
mined from the maximum shear the end panel, first proposed 
Strobel, Am. E., has proved the most generally useful 
approximation yet published. The author has used 
finding percentages error involved the approximations uses. 
noticed that the case this loading, the weight the en- 
gines per linear foot exceeds the uniform load per foot only per 
cent. not surprising that the approximate solution proposed does 
not this case give large percentage error; but the limit error 
may not small for loading like Class where the engine load 
per lineal per cent. heavier than the uniform load per linear foot. 

The author quotes the usually allowed unit stress per shear the 
webs girders, viz., 4000 pounds for iron, and 5000 pounds for 
steel. There seems good reason why, least the case 
steel, the working stress for shear should less than per cent. 
the working tensile stress. 

Assoc. Am. Soc. E., and Jun. Am. 
Soc. E.—Having been associated with Mr. Waddell the produc- 
tion his paper, there little the way original discussion for 
prepare, but would like submit some the valuable results 
acquired during the various investigations incident work upon the 
paper, additional contribution the general good. While the 
results were arrived precise mathematical methods, they were 
given expression, the curves (Plates XXIV-XXV) appended this 
discussion and the formula herewith submitted, more with view 
practical utility than scientific refinement. case, however, 
will results obtained from the curves formula depart from actual 
conditions enough warrant their use any connection being ques- 
tioned. The formula gives its most exact results for spans from 
feet (and was constructed with this end view, between these 
limits lie the panel lengths most largely used), and follows 

Maximum end shear (panel length equivalent uniformly 
distributed load), where BL, which the span length 
and and constants found the table given below. 
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Jun. Am. Soc. E.—The correct proportioning 
railway bridges, all their parts, properly resist the varying stresses 
produced service, began with the introduction the specification 
concentrated live loads. How often the engineer reluctantly com- 
pelled condemn bridges built under the old requirements for uni- 
form load, the same for all spans; which, though highly gen- 
eral, are dangerously some members only, such counters and 
floor system, due the inadequate provision for the proportionally 
higher stresses these members resulting from actual loads. the 
method engine concentrations has entailed somewhat laborious 
lations, the labor has not been expended wholly vain, for has been 
the investigation the static stresses imposed actual conditions, 
which makes the substitution sliding scale equivalent uniform 
loads possible. 

cannot successfully contended that the process calculation 
for concentrations loads easy rapid for uniform loads, 
though the labor required the former overstated Mr. Waddell. 
Those who are almost daily obliged make such calculations for the 
design railway bridges competition, have found some short cut” 
means which the labor greatly abridged, and results obtained, 
not precision, yet sufficient accuracy for constructive purposes. 
The graphical method moment polygons furnishes easy and rapid 
mode deriving results, and following the method outlined Sec- 
tions and DuBois’ Graphical the stresses or- 
dinary truss, when once the polygons are made, are obtained with less 
labor and but little more time than would required calculate 
them for uniform load. 

While one contends that the actual loads bridges are iden- 
tical with the assumed typical concentrations, that the actual 
stresses are the same those calculated therefrom; yet the growth 
the increasing weights motive power railways has been and con- 
tinues the direction the well designed typical loads, and 
the actual static stresses are proportional the quantities our 
strain sheets. The typical concentrated loads, approaching actual 
loads they nearly do, furnish standard the capacity bridge 
which can comprehended the ordinary railway manager, more 
readily than any combination schedule uniform loads. That 
this appreciated many railway superintendents, who are not 
engineers, evident from the fact that they act upon ordering 
their bridges built carry definite type locomotive, most 
frequently the heaviest then use their line. 

The greatest burden connected with the system concentrations 
not much its use, isthe unnecessary diversity the amount and 
arrangement the loads made the specifications the different 
railways. The practice among the smaller railways specify 
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actual existing train load, and too frequently before the new bridge 
upon its pedestals, new and heavier motive power ordered 
use. Nearly all the railways have their own standards loading, 
differing but slightly from one another their final effect. due 
this almost endless variety loads, that the computer the bridge 
company forced adhere the method calculation concen- 
trations. 

When acertain railroad intends build bridge and invites 
dozen bridge companies tender proposals, instead making the 
labor designing easy possible adopting live load the 
same the well considered types any its near neighbors, 
specifies concentrated loading unique arrangement. The com- 
puter intrusted with the preparation the design has not seen 
such arrangement loads before, and for aught knows will not 
have deal with again, hence instead endeavoring discover 
uniform load producing the same strains, and the conditions and 
limitation under which would have applied, finds easier, 
quicker and more satisfactory proceed once and determine the 
actual strains from the concentrations themselves. would seem 
the wiser plan not abolish the typical standards loads; but have 
fewer standards, arranged gradation similar those proposed Mr. 
Waddell, suit the requirements the service different railways. 
Tables equivalent uniform loads being prepared for these types, 
would left the preference the computer what method 
lation would use. 

The adoption Mr. Theodore Cooper’s specifications has done 
much this direction, and hoped that Mr. Waddell will 
receive sufficient encouragement prepare tables uniform loads, 
representative the several types loads accompanying his paper, 
inducement railway engineers toward the adoption them 
the particular type best suited their requirements. this paper 
shall result calling attention the needless diversity load specifica- 
tions and lead general adoption standard types, will have 
served most admirable purpose, and lifted from the shoulders the 
engineers the bridge companies ‘‘a burden grievous borne.” 

The employment integral number feet for wheel spacings 
undoubted convenience. The weights the tenders are, 
however, too light. the weights each axle were increased 
2000 pounds, the resulting weights would not excess 
the actual weights the tenders used the leading railways 
the vicinity New York. The neglect specify the loading 

produced the heavier eight-wheel passenger engines indefen- 
sible omission. not always possible have long panels. Ten 
and 12-foot panels are unavoidable sometimes, and, upon stringers 
this length, the maximum strains are produced the drivers 
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the passenger locomotive. cover this effect not necessary 
provide two distinct sets typical loads, but only specify 
apart,” and will not necessary make two calculations strains, 
the effect the alternative loading felt only short spans, say 
under feet. 

The adoption the proper live load question worthy con- 
sideration. The constant aim should construct for the future 
and not meet present requirements only. the other hand, the 
live load taken too high the bridges become too costly, and, with 
limited expenditure, not always possible existing lines make 
all the renewals fast required, new lines make the cost 
construction come within reasonable bounds. The live loads are taken 
low possible, and the bridges are not long erected before the in- 
crease the weights motive power and rolling stock strains them 
too highly. The slight difference the first cost bridges built for 
heavier loads not properly appreciated. single track bridge 
150 feet span, built carry the live loads Class weighs only 
per cent. more than bridge the same span designed for carrying 
Class live loads. The difference weight does not represent the 
difference cost the two structures, the labor the shop and 
the erection both bridges would the same. 

safe say that the difference cost bridges built carry 
any class the live loads proposed Mr. Waddell’s paper would not 
more than per cent. greater than built for the next lighter class. 
Class loading seems too light, there are few railroads, 
these times heavy motive power, that have not use contempla- 
tion locomotives the Class type, and does not seem wise 
policy build bridges for lighter loads than the latter. the other 
limit, scarcely appears judicious outlay provide for heavier 
loads than the Class type. Those who have seen the enormous con- 
solidation locomotives with 140 000 pounds the drivers, built for the 
Union Pacific and Northern Pacific railways for use their mountain 
grades, can appreciate this limit. general adoption such motive 
power would require the almost entire reconstruction the road. 
is, such special locomotives are now and then built for special pur- 
poses, and used over small portions road, which the bridges 
can built suit the conditions. 

The testing mild steel under many conditions and its subjection 
all kinds rough treatment, has convinced the writer that safe 
use such steel with the same processes manufacture are vogue 
for wroughtiron. Unless the steelis very high tenacity, the precaution 
reaming the rivet holes not needed much more than for iron, 
and indeed the milder grades steel show less injury punching 
than does wrought iron. either metal the reaming beneficial. 
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The notion that mild structural steel brittle and like the material 
used for tools, being gradually displaced better knowledge; and 
there more general recognition the fact that the structural steel 
to-day, produced the open hearth process, not properly steel 
all, but more less homogeneous wrought iron which the 
absence slag and cinder prevents the development fiber the 
processes rolling. 

thin narrow strip soft steel with hole punched it, can 
bent over until the faces are nearly contact, without cracking through 
the line bend which passes through the punched hole. This can- 
not done with iron except extremely rare instances. The time 
was not long since when was scarcely thought possible produce 
steel with less percentage carbon than 0.30 per cent. Now 
easily produced with only 0.12 per cent. less. The experiments 
the injurious effects punching have been principally made upon this 
higher steel and very few upon the milder steel more modern produc- 
tion. More extended acquaintance has brought increased confidence 
the capacity mild steel for structural purposes, and there 
now much steel used construction with the same process 
manipulation wrought iron, there reamed and planed. 

is, however, not advisable use steel high ultimate strength 
without reaming the punched holes. The limit above which reaming 
should required should placed about 000 pounds. Steel 
this quality will stand the drifting test enlargement per 
cent. least, and the writer knows steel 000 pounds ultimate 
strength which has withstood enlargement 100 per cent. The 
drifting test valuable adjunct the way testing, but should 
not made the final test. 

The formulas suggested Mr. Waddell permit too high intensity 
working stresses short spans. There seems general agree- 
ment the results obtained from the best specifications allow about 
000 pounds per square inch the lower chord iron eye-bars spans 
from 125 150 feet. Tests full size steel eye-bars not warrant 
the assumption more than per cent. excess strength over iron 
eye-bars. This would make the permissible stress the bottom chord 
bars 150-foot span, steel, pounds per square inch. 
Mr. Waddell’s formula would permit 000 pounds per square inch. 
Mr. Cooper’s specification would permit but 500 pounds per square 
inch the same bars, and this latter figure certainly not too low for 
such short spans, where rigidity important consideration, and im- 
pact important factor. 

Henry Jun. Am. Soc. E.—Mr. Waddell’s paper will 
doubtless help advance the science bridge designing nearer 
approach that uniformity which all engineers look forward to, and 
the suggestions makes will most eagerly welcomed all those 
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unfortunates whose duties compel them make the computations 
necessary for bridge designs under modern specifications. That wheel 
concentrations are unnecessary refinement and source much 
needless labor, all engineers are agreed, but the question where 
draw the line between figuring with wheel concentrations and with 
uniform load. 

the writer’s opinion undoubtedly best use wheel concen- 
trations for stringers, floor beams, long verticals and such secondary 
members, also for plate girder spans; any one can readily make 
table exact maximum bending moments for all spans, for any parti- 
cular engine, two three hours, which good for all time, and con- 
sequently requires labor practical use. Furthermore, 
easily prepared and more quickly used than Mr. Waddell’s table 
equivalent uniform loads. Such plate girder spans might used 
feet, Mr. Waddell’s limit 100 feet seems rather long for 
practice. Such girders become too deep and heavy transport, besides 
requiring several covers, and this latter feature objectionable, Mr. 
Waddell points out. Wheel concentrations might also used for 
lattice girder spans the same greater length, say feet, 
but for all spans over this length heavy uniform load with one con- 
centration would seem answer every purpose. 

seems going from one refinement another change from 
wheel concentrations uniform load varying not only for every 
length span, but also for the chords and webs; and one the 
main objects any change simplify the routine work bridge 
computers, let simplified, and not drop one burden assume 
another, Mr. Waddell’s scheme loading would do. 

Take large enough load, say 000 pounds per linear foot, with 
additional 000 pounds concentrated any point for spans 
125 feet, and 4000 pounds per linear foot, and additional 000 
pounds concentrated any point for spans over this length. These 
loads are now use the Southern Pacific Railway and they seem 
heavy enough cover any further increase live load that may 
arise the this simple loading will objected 
the ground that not exact and scientific; but those wishing 
scientific loading had all means better use wheel concentrations, 
nothing scientific can found, and the only object the change 
simplicity, which this loading gives completely. 

Mr. Waddell calls attention the indirect effect wind loads, and 
while such effects would seem very unnecessary yet 
they are considered all, one the most important ones would 
doubtless the increased load the windward stringers due the 
overturning effect the train, amounting about 300 pounds per 
linear foot ordinary cases; yet Mr. Waddell does not include this 
his list such indirect effects. 
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certainly seems unnecessary increase the general allowance for 
wind pressures 150 pounds per linear foot upper chords and 450 
pounds per linear foot lower chords, for ordinary spans, add one 
more burden the computer making him figure the area his truss 
get some equally arbitrary amount derived from such area. That 
the present pressures are fully sufficient, seems well proven 
the fact that there are many old railroad bridges standing to-day, having 
weathered hundreds storms, with laterals one-quarter the strength 
required modern practice. While such bridges are not cited 
examples good engineering, they seem prove that four times 
their lateral stability should certainly safe. 

Mr. Waddell’s floor system certainly good one, but willing 
incur such expense, would seem better use buckle plate trough 
section floor, with ties ballast, which would very little more ex- 
pensive maintenance considered. unit stresses, there certainly 
seems room for large amount simplification modern specifica- 
tions, most them attempt split hairs under this head, 
whereas the true strength the material is, large extent, uncer- 
tain. While would seem that our English fellow-engineers have 
possibly reached extreme position their ordinary specifications 
tons per square inch tension tons per square inch,” 
yet nearer approach such delightful simplicity would certainly 
boon bridge designers. 

the preceding discussions, desire express the gentlemen, who 
have contributed thereto, hearty thanks for the time and attention 
they have given the paper and for their valuable additions the 
literature bridge engineering. 

Without their contributions paper would have had but little 
effect but with them bids fair accomplish number much 
needed reforms, and effect simplification bridge engineering 
practice, all which will clearly set forth the end this résumé. 
Although some forty members the Society have taken part the 
discussion, making probably the most thorough and exhaustive that 
has ever been given any the Society’s papers, nevertheless 
regretted that the names half dozen prominent American bridge 
engineers are conspicuous their absence. 

preparing this résumé, shall take the various subjects treated 
paper one time, the order which they there appear, and 
shall make cross-references respect the discussions inserting 
parentheses the numbers the pages where the points treated are 
found, the risk spoiling the typographical appearance sec- 
ond contribution for consider that such cross-referencing will prove 
great convenience those who read and study the paper thor- 
oughly. 
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Uniform vs. Concentrated Loads.—It matter regret that 
several the gentlemen discussing have failed appreciate the true 
intent proposition substitute equivalent uniformly distributed 
loads for engine concentrations followed uniform car loads. they 
had not misunderstood, they would surely never have stated that there 
less labor involved either the concentrated wheel load method, 
the locomotive excess method, than there the method equivalent 
uniform loads. 

bridge specification diagram diagrams equivalent uniformly dis- 
tributed loads, similar those contributed Messrs. Stites and 
Lee Treadwell their discussion (page 257), together with table 
constants for the end shear formula, perhaps, preferably, another 
diagram giving end shears for all plate girder spans, and have 
stated distinctly the specifications that these equivalent loads are 
used exclusively instead engine diagrams for all plate girders and 
trusses single intersection; think will evident that what pro- 
pose will great labor saving scheme. Perhaps the misunderstand- 
ing partially fault, for may not have made statements 
clear desirable. 

Let follow rapidly the steps that will necessary for com- 
puter take finding the stresses single track long span bridge 
with broken top chords, when using diagrams equivalent uniform 
loads similar those Messrs. Stites and Treadwell. 

First.—In proportioning stringers, find from the diagram the equiv- 
alent live load for the panel length adopted, add thereto the weight per 
foot two stringers and the track, and divide the sum two, calling 
the quotient the moment will where the panel 
length. 

Second.—To obtain the concentrated load floor beam the point 
attachment stringers, find the equivalent load for span 
add before the weight per foot two stringers and the track, and 
divide the sum two, calling the w’; then the concentrated 
load sought will 

Third.—To find the dead load stresses trusses, assume the dead 
load per lineal foot per truss and compute the panel dead load, 
and the dead load reaction each pedestal, then single graphical 
manipulation find the chord and web stresses one-half the truss, 
checking all the work computing analytically the top chord stress 
mid span. 

Fourth.—To find the live load stresses chords and inclined end 
posts, take from the diagram the equivalent load for the entire span 
length and divide two, calling the quotient then set slide 


rule the ratio and read off from continuously (by using the 
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dead load stresses previously found), all the live load stresses chords 
and inclined end posts. 

Fifth.—To find the live load stresses web members, assume re- 
action 000 pounds one pedestal caused load (its amount 
need not calculated) the first panel point from the other pedestal, 
then single graphical manipulation ascertain and write down all 
the web stresses produced thereby from end end span. Next cal- 
culate theshears and the head the train for all positions 
the same, using the slide rule. Tables such shears given most 
text-books bridges will shorten these calculations. Then with the 
slide rule again find the correct web strésses the following propor- 
tion: 10000 pounds any one these shears, the cor- 
responding diagonal stress just found the correct stress. 

Now can any imaginable method simpler, easier prettier than 
this? Idoubt it. Contrast with the long and wearisome method 
engine diagram, involving does for stringers and floor beams 
the shifting wheels, calculation reactions for each wheel load 
order obtain total reactions, and the computing moments from 
these reactions and loads; also very often repetition the calcula- 
tions for different position wheels. Then when comes the 
trusses, what interminable labor involved! have seen good 
computer one our largest bridge companies calculate the shear 
the lower half main diagonal, for five different positions the 
moving load, order obtain the absolutely greatest value. This 
was before Professor DuBois published his method ascertaining the 
position wheels for maximum shear with inclined top chords, 
which reference made paper (page 80), and which Professor 
DuBois himself only too glad acknowledge extremely 
laborious its application. 

For such bridge the one assumed, the time required for com- 
puting exact maximum stresses is, stated Mr. Thacher (page 139), 
fully ten times great that required the equivalent uniform 
load method; and for the most simple case short span with equal 
panels and parallel chords, Iam convinced that understating 
the case paper (page 79) admitting the ratio time required 
for the two methods two one. 

Now comparing the method using uniform car load, constant 
for all span lengths, headed concentrated load, the more ac- 
curate one using the same car load and two concentrated loads 
separated about fifty feet two ordinary panel lengths, advocated 
Messrs. Burr, Swain, Ricketts and others, with that the equivalent 
uniform load, will find that far the floor system concerned 
there but little difference the time and for the two methods; 
but that respect the trusses, both these are more than twice 
great for the former method for the latter. This evident for the 
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reason that, addition making all the calculations indicated 
items Nos. 5in the previous comparison, necessary find 
the stress every chord and web member for either one two panel 
excess loads, which itself involves more labor than does the finding 
the stresses equivalent uniform loads. Moreover, doubt that 
the method constant car load, combined with one two concentrated 
loads, can made give for all cases correct results compared 
with the theoretically perfect method, will that the equivalent 
uniform loads. 

proof this given the results some calculations made 
Messrs. Stites and Treadwell; the time the tables given pages 
84-88 were computed. had anticipated using for web members 
uniform car load with two engine excesses until saw the results 
the calculations just mentioned. The following table gives the shears 
web members the engine excess method, and comparison 
them with those computed the theoretically perfect method, also 
comparison the percentages error for this case and that the 


SHEAR PERCENTAGE ERROR. 
By Uni- 
SPaN. MEMBER. By Car) By Uniform 
Uniform with) Uniform |Car Load with 
Diagram Load, Load. two Engine 
cesses. 


End 205285 200 745 208 833 Danger 1.73 Safety 
lst M, Diagonal.....| 134 585 


2.2 
t | 133 830 141000 | 0.56 Danger | 4.76 Safety 
ist Counter....... --| 36576 40 149 42833 | Safety {17.11 Safety 


End Post.......+.-- | 281 874 275 716 286 500 | 2.18 Danger | 1.64 Safety 
209992 206 787 216875 1.53 Danger 3.28 Safety 
2d M. Diagonal...... 147 705 156 625 0.72 Danger | 5.27 Safety 

59082 | 64250 5.94 Safety (15.21 Safety 
29541 32125 


-66 Safety /22.52 Safety 


M. Diagonal.....| 220 844 217 700 | 229 200 
250-foot \3d M. Diagonal.....| 164 804 163 275 | 


2.18 Danger | 1 

1.88 Danger | 2.5 

1.42 Danger 3.78 Safety 
| 173500 | 0.93 Danger | 5.2 

0 7 

2 
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7 Safet 
\4th M. Diagonal....| 116 264 116 625 300 .31 Safety .73 Safety 
ist Counter ........| 75 887 77750 84600 .45 Safety (11.48 Safety 
24 Counter.........| 43645 46650 | 51400 


-85 Safety (17.80 Safety 


«| 433 260 424182 | 439 167 
-| 360 438 353 485 367 750 -93 Danger | 2.03 safety 
2d M. Diagonal.....| 293 893 289215 | 302 583 -59 Danger 


300-foot 3d M. Diag } : 1 Danger . 82 Safety 
0 7 


End Post....... 
lst M. Diagonal. 


-10 Danger | 1.36 Safety 


4th M. Diagonal....| 181 734 179 956 | 191 000 -97 Danger 

5th M. Diagonal....| 135 034 134 967 144 583 -05 Danger . 
1st Counter.........| 95 206 96 405 | 104417 | 1.26 Safety 9. 
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equivalent uniform load method, omitting from consideration the four 
panel 100-foot span, which really should never have been incorporated 
therein because several objectionable features, more especially its 
unsightly appearance. The only reason for incorporating was fill 
out the table; for every 100-foot span should have least five panels. 

comparing the last two columns will seen that the locomo- 
tive excess method for web members always gives error the side 
safety, and these errors are much larger than those given 
the equivalent uniform loads. Taking the average said errors 
find that for the locomotive excess method 7.34 per cent. the 
side safety, while that for the equivalent uniform load method 
less than per cent., also the side safety. 

Time will not permit compute the errors chord stresses 
the use the locomotive excess method but feel quite certain that 
the results would show, the case the diagonals, the errors all 
upon the side safety, but means great those for said 
diagonals. Mr. Treadwell has figured the locomotive excess method 
the moments for the 200-foot span, which can taken average 
case, and finds that the greatest error 4.64 percent. and the least 1.68 
per cent., all errors being the side safety, and the average error 
being 3.53 per cent. For the equivalent uniform load the greatest 
errors are 1.45 per cent. the side safety and 2.14 per cent. the 
side danger, the average being 0.16 per cent. the side danger. 

The large errors chord stresses the locomotive excess method 
are due partially the fact that this method cars precede well 
follow the locomotives, while the engine diagram method there are 
cars ahead the engines. opinion, cars ahead engines 
are unusual load, and when they are found there, the chances are 
that some the cars are not loaded the limit the specifica- 
tions, well ignore such unusual loading. 

Mr. Treadwell finds that with Cooper’s Class standard, the 
engine excess order give exact agreement for plate girder spans, 
should vary from 300 pounds 600 pounds, the average being 
000 pounds. Adopting the latter, the greatest percentages error 
would 5.24 danger and 5.39 safety. floor beams finds the 
average concentration 700 pounds, with extreme errors 4.12 
per cent. danger and 4.11 per cent. safety. But pounds 
adopted the proper concentration, the last mentioned errors 
would 5.16 per cent. and 3.58 per cent. respectively. These figures 
show very plainly that the method using constant uniform car load 
with two engine excesses, far the trusses are concerned, cannot 
made give stresses approximating the theoretically exact 
stresses closely can the method equivalent uniform loads. 

Again, evident that single concentration the head train 
will not give close agreement will two concentrations separated 
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two ordinary average panel lengths, for the latter method distributes 
the load more nearly accordance with the actual distribution. 
true that the concentration the head the train, need not equal the 
difference between the total weight two locomotives with their ten- 
ders and the weight found multiplying the extreme length said 
two locomotives and tenders, coupled, the car load per linear foot, 
although such method would considered most engineers 
the proper one; but more than likely that, the single concentra- 
tion were adjusted give for all truss members the best average 
respect theoretical correctness, the errors would greater. than 
those found using equivalent uniform loads, and that the errors for 
the floor system would greater. 

opinion the single-concentration-with-constant-car-load sys- 
tem is, that could used advantageously standard, deviations 
the side safety considerable amount not deemed objection- 
able; but that, replace any particular standard load two engines 
followed constant car load, inapplicable. Certainly, far 
simplicity and saving labor are concerned, much preferable 
the engine diagram system. But why adopt when there another 
method that about twice simple application and gives results 
agreeing much more closely with the theoretically correct ones? 

objection that may raised proposed equivalent uniform 
loads is, that chief engineers and bridge engineers railroads will not 
adopt them; but hardly fair assume that these gentlemen are 
unreasonable and unwilling because little extra trouble, concede 
that evidently for the general good. purpose making 
business communicate the near future with all these gentle- 
men whose names are given Poor’s Manual,so obtain their 
views this and one two other points. 

would say here that the preparation diagrams giving equiva- 
lent uniformly distributed loads for all spans—and end shears plate 
girders, correspond any proposed standard train load—involves 
means great amount labor, and that they can furnished 
any expert bridge engineer for fee. One who has 
number such diagrams, can easily make others finding few 
points the new curve and using previously found curve for sim- 
ilar load guide. Where the plotted points show slight irregulari- 
ties, much more scientific draw curve some regularity 
without deviating from them essentially than would follow the 
variations; for the latter are due peculiar relations between the span 
lengths and the wheel spacings, which would not exist for slightly 
different engines. have called attention this the paper, but 

again here account its importance. 

Answering Mr. Thomas Johnson (page 113), would suggest 

that not quite fair condemn the equivalent load method because 
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the shear counter for 100-foot span through bridge having only 
four panels structure which, before stated, should never built, 
and which was employed the table merely for the sake continuity) 
involves error per cent. (vide page 88). discard the 
100-foot span from the tables, find that the errors for counter 
stresses vary from 1.26 per cent. safety 12.66 per cent. safety, the 
greater errors being always the smaller counters. Are not such 
errors the method excellent fault? What practical engineer 
there who proportions light counters for the stresses shown the 
strain sheet, even 

out consideration the counters well the entire 
100-foot span, find that the greatest errors chords and diagonals 
are 2.21 per cent. danger and 2.76 per cent. safety, the averages being 
approximately 1.8 per cent. danger and 1.2 per cent. safety, and the 
average for all members all structures only 0.3 per cent. danger. 
Surely these errors are small enough all conscience, and 
remembered that they cover all stresses main members (counters 
excepted), for all spans from 150 300 feet. 

Still replying the same gentleman, would state that the shear 
formula diagram for plate girder spans will rarely used com- 
puters, who always endeavor have excess section web plates. 
only the case shallow girders, middle girders for double 
track structures, that the webs need tested for shear. 

Professor Eddy writes (page 138) follows: short spans, 
stringers and other details long spans, where the wheel concen- 
trations exert more preponderating led believe that 
will still continue required that the designer and computer shall 
take account the wheel concentrations, however much may dislike 
the work, however certain may his own mind that involves 
unnecessary labor.” Professor Eddy will study the equivalent load 
system, will find that for stringers, floor beams, etc., gives results 
which are practically exact (excepting the shear formulas diagrams 
that, before stated, need hardly ever used), and that the errors 
involved occur the trusses. 

Mr. Fulton’s method (page 199) plotting the loads and spans 
order find actual concentrations panel points antiquated and 
extremely laborious, and justifiable only case double system 
cancellation. 

Mr. Douglas’ calculations (page 205) not militate all against 
the equivalent uniform load method, said method not applicable 
trusses having multiple systems cancellation. merely affords 
another corroboration objection the Whipple truss being 
uneconomical well unscientific. two heavy concentrations 
are thrown upon one system, this case, there evidently want 
economy the design. 
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Mr. Hodge (page 262) does not understand the proposed equivalent 
uniform load method, for really correct for floor beams, 
long verticals, and such secondary members; also for plate girder 
spans.” adopting the engineer, who prepares the specifications, 
furnishing equivalent uniform load diagrams saves for bridge com- 
puters for all time come, the useless labor involved dealing with 
wheel loads. 

Mr. Hodge’s proposed moment table more easily used than 
diagram for has compute the dead load moment the 
formula L’, and add the moment given his diagram 
while add the equivalent load given diagram dead 
load making the sum and obtain the moment the equation 
Mr. Hodge mistaken stating that the equivalent 
uniform load must vary for chords and webs for give but one equiva- 
lent load for each span length. 

would like call the reader’s attention Prof. Bois’ 
pointed and forcible remarks upon the subject uniform vs. concen- 
trated loads (pages 

the forty-two gentlemen who have contributed the discussion 
this paper, four have not touched all upon the subject live 
loads, and seven more expressed decided preference for any 
the three systems. the remaining thirty-one, sixteen are favor 
the equivalent uniform load system, eight are favor the loco- 
motive excess system, and seven are favor the engine diagram 
system. fair assume, therefore, that the engineering profession 
tired the engine diagram system, and prepared adopt either 
the equivalent uniform load system, the locomotive excess system, 
the preference being decidedly favor the former. 

Now, going ask all the forty-two contributors the dis- 
cussion, kind as, after reading carefully all that has been said 
upon the subject, vote upon the question which the three 
methods they finally favor, and this end shall ere long communi- 
cate with each them. 

the gentlemen who have advocated the locomotive excess method 
would say that all the rather limited calculations which have 
been able make, induce conclude that impracticable 
find such leading concentrated load will give results for both floor 
system and trusses, which will agree all closely with the theoretic- 
ally correct results obtained the engine diagram method; and that 
the equivalent uniform load method does give such agreement close 
enough for all practical purposes, provided that multiple systems 
cancellation not used. The onus now them show that 
mistaken, and that the locomotive excess method does give agree- 
ment with theory that close enough for all practical purposes. 

remembered, though, that not claim such agreement 
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essential, for uniform car load preceded single concentrated load 
can used standard instead uniform car load preceded 
two engines. think, however, that most railroad engineers would 
prefer adhere the latter standard, and use instead the equiva- 
lent uniform loads for all ordinary cases, rather than adopt load 
that does differ considerably its effects from those loads which 
bridges are apparently subjected. hope that the gentlemen who have 
advocated the locomotive excess method, and perhaps even some 
those who advocated diagram method, will conclude vote 
for the equivalent uniform load method after reading explanations 
what that method really is, and what great amount labor 
saves. 

There surely valid objection man’s changing his opinion; 
and think that the remainder this résumé will show that quite 
ready change mine when either proven the wrong, when some- 
thing better than mine offered. begin with, respect the 
theory floor-beam concentrations, quite ready cry peccavi, 
the more friend Professor Bois lets down gently; 
one, for well pleased have made the oversight, because the 
attention that has been called important fact which was not gener- 
ally known the engineering profession. 


The Proper Live Loads for Modern Bridge 


ing Mr. Thomas Johnson (page 113), would state that for roads 
with comparatively light grades the growths weights engines and 
cars appear have kept pace with each other fairly well; but for moun- 
tain roads the engine weight greater proportion the car weight 
than proposed standards give, hence said standards would not apply 
mountain lines. fear that the general managers railroads 
throughout the United States would and with good reason, 
object seriously paying for bridges designed for car load 000 
pounds per linear foot, excepting those the great trunk lines. 
proposed standards give railroad men choice loads, and none 
them suit, let their engineers adopt others, but furnish with their 
specifications diagrams equivalent uniform loads similar those 
given Messrs. Stites and Treadwell the same 
include loads for mountain lines, but reducing the total number 
standards minimum. 

intention, when communicating with the chief engineers 
and bridge engineers railroads, mentioned the beginning 
this résumé, consult with them what standards they desire, 
endeavor prepare set standards that will satisfy the large 
majority railroad engineers. 

account certain statements made several the discussions, 
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desire adopt the following loads concentrated two pairs 
wheels spaced seven feet centers, used only for stringers, floor 
beams and primary truss members with their connecting details, when 
the panel lengths are less than feet, and incorporate the results 


the diagrams equivalent uniform loads and end shears plate 
girders. 


000 pounds. 


Amounts Wind Pressure.—I endorse heartily Mr. Lindenthal’s 
remarks (page 126) the effect the lateral bracing the bridge 
more often and more severely strained the lateral blows from 
swiftly moving engines and cars, causing lateral vibration, than from 
the wind itself,” and would suggest that the series tests actual 
intensities working stresses hereinafter proposed carried out, 
said effects live loads lower lateral systems determined. 

Answering Mr. Bouscaren (page 176), pressure pounds per 
square foot the empty structure is, shown Mr. Thacher (page 
sufficient buckle the bottom chords nearly any single track 
pin-connected bridge this country. much better make the 
specified wind pressure low and proportion properly, letting the struc- 
tures take their chance being struck cyclone, rather than 
adopt wind pressure that would necessitate stiff bottom chords for 
most bridges without giving any assurance safety said cyclone. 

Mr. Osborn (page 213) right stating that nuisance 
have figure the wind pressure bridges, and that some simple 
formula ought provided. Mr. Lewis, most valuable 
and interesting paper ‘‘Soft Steel Bridges,” presented the 
Engineers’ Club Philadelphia, gives the following: ‘‘The bottom 
lateral bracing deck bridges and the top lateral bracing through 
bridges, must proportioned resist uniformly distributed lateral 
force 150 pounds per linear foot bridge for all spans 200 feet 
and under, and addition pounds per linear foot for every 
feet increase length span over 200 feet.” ‘‘The bottom lateral 
bracing through bridges and the top lateral bracing deck bridges 
must proportioned resist uniformly distributed force the same 
above, and additional force 300 pounds per linear foot 
bridge, which will treated moving load.” Provided there 
hand-rails, the specification quoted will answer, but 
otherwise would prefer adhere the method given paper 
(page 91). 
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Answering Mr. Skinner (page 219), would state that not 
customary consider impact wind loads, for the reason that the 
latter assumed are rare occurrence, and are ample every 
respect. 

Effects Wind Pressure.—Referring Mr. Douglas’ remark (page 
206), viz., does not seem necessary for the railroad company tell 
the contractor how compute the stresses. The latter supposed 
know that would reply that such exactly what the contractor 
does need told, and most cases what wants told, 
evidenced Mr. Cowles’ remarks pages 164 and 165. 

Replying Mr. Hodge (page 262), reason for not considering 
the transferred load (amounting, states, 300 pounds per linear 
foot) the leeward stringer because such load rare, and there- 
fore its effect should not considered unless the amount thereof ex- 
ceed say per cent. the live and dead load, which does not. 
perfectly consistent, however, one should take into account the load 
transferred the leeward truss the wind pressure upon the train 
finding the truly greatest stress that can come upon the leeward bottom 
chord. For single track bridges will amount more than 200 
pounds per linear foot, while the transferred load from wind pressure 
trusses varies from 300 pounds 700 pounds per linear foot. This 
difference between the two transferred loads, however, must noted 
the former acts simply increase the dead load, while the latter 
causes increased reaction the leeward pedestals and constant 
stress from end end bottom chord, explained pages and 
92. Decidedly, the transferred load the leeward bottom chord from 
wind pressure train should not ignored. 

Styles and Proportions Bridges.—Replying Mr. Thomas 
Johnson (page 114) and Mr. Snow (pages 157 and 158) the subject 
pony truss bridges, would state that while would not condemn 
existing structure because pony truss bridge, still 
would quite suspicious it, and case would design one, un- 
less, perhaps, the style mentioned Mr. Swift page 222. 
The general opinion engineers concerning pony trusses that their 
construction should relegated the past. 

The limiting length plate girder spans appears still dis- 
puted point; and evident that railroad and bridge engineers 
desire make great practicable, while manufacturers 
have all the trouble loading, shipping and erecting) prefer keep 
down about feet. Mr. Snow’s deck plate girder bridge 
described page 158 may very good one, but unnecessarily 
expensive, would discovered the general manager any line 
road who would try the experiment building such structures. 

Answering Mr. Thos. Johnson (page 114) and others, reasons 
for using sub-struts instead sub-ties divided panels are 
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former carry the loads more directly the piers, and 

they have fully twice the area given the sub-ties, they 
permit only one-half the the top chord the middle 
the long panel. for ambiguity stress the counter-braced 
panels, would state that custom proportion all members 
and about these panels that the stress can travel either the 
sub-strut the counter and contend that this good practice, for 
the reason that the members such places are generally light enough, 
all conscience. 

answer Mr. Swift’s remark pages 221 and 222 concerning 
thickness connecting plates lattice girders, would state that 
latest practice make such plates comparatively thin and large, 
and use apparently excessive number rivets, connecting both 
legs every web angle iron the plate, and employing, when prac- 
ticable, the built star section for all diagonals and verticals. 

Prof. Swain (page 120) advocates the use suspended floor beams. 
certain cases very shallow floors they would advantageous, 
provided they properly stayed, and that plate hangers used. 
These, however, necessitate pins large diameter, which may 
objectionable small bridges. shallow floor feature 
bridge designing that desirable avoid when possible, may 
conclude that suspended beams should used special cases only. 

Much regret, but little has been said about riveting floor 
beams posts. The detail, although may not theoretically 
scientific, is, nevertheless, good one for beams ordinary depth. 
Should the future the top connecting rivets wear loose, they can 
readily replaced, and harm will done, provided there always. 
remain ample number rivets take the shear. 

But little has been said about the advisability increasing clear 
roadways provide feet between the center line the nearer 
track and the innermost portion number well known 
railroad engineers have lately expressed their approval the 
proposed change. 

Mr. Buck, page 134, writes thus: there economy 
attempting make the bar act beam sustaining its own weight. 
The nearer can come assuming the catenary due its own weight 
and the tensile stress upon it, without acting beam, the better.” 
glad that Mr. Buck has taken this stand, for the point one that 
needs attention, and hope will soon receive the hands bridge 
engineers. opinion, the idea advanced erroneous, and 
strongly opposed the use long, light, shallow eye-bars bridges, 
for other reason than because their sag (which often apparent 
the eye) and their vibration. 

Mr. Buck states, the same page, that apparently impossible, 
where eye-bars are used for bottom chords, have the axes the 
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lateral diagonals pass through the intersections the axes posts and 
chords. Mr. Skinner (page 220) appears agree with Mr. Buck this 
opinion. not permit describe here the method 
accomplishing this desideratum but have office drawings for 
the Pacific Short Line Bridge, which cross the Missouri River 
Sioux City, Iowa, which the all lines strain 
absolute point the center main truss lower chord connection” 
effected perfectly. 

opinion, the results given Mr. Osborn (page 213) concern- 
ing stresses eye-bars because their own weight, are not satisfac- 
tory, for the reason that has ignored the reverse bending moment, 
which equal the direct pull multiplied the deflection. Pro- 
fessor Johnson (pages 136-138) takes this into account, but the same 
time makes assumption which not think warranted, viz., that 
the the same when there direct tension the bar 
would there were none. method settling this point would 
place number bars various lengths and sizes testing 
machine, subject them various pulls (P), and measure with great 
accuracy the actual values the deflection (v), then substitute for 
and Professor Johnson’s equation (page 137) and solve 
table limiting sizes eye-bars (page 96) was determined 
some rather crude calculations, and partially practical experi- 
ence and judgment. 

There seems considerable difference opinion respect 
the proper spacing would hard but 
there nothing the discussion cause change opinion 
that the best distance between stringers feet. Perhaps the ulti- 
mate solution the question will the entire abandonment wooden 
floors and the substitution corrugated metal with ballast thereon, 
which case the distance between stringers would dependent upon 
the size and strength the corrugated plate. The principal objec- 
tions this style floor are its liability rust and its excessive 
weight. The latter would apply principally long spans. 

Answering Mr. Nichols’ question (page 227) concerning the spacing 
guard rails proposed floor system, the distance from the center 
track the center outer guard rail feet, leaving about 
inches clear between the head the rail and the outer guard, and the 
corresponding clearance for the inner guard inches. The question 
whether pine oak should used for ties and guards still 
unsettled, but the general disposition seems favor yellow pine. 

glad have remarks the exclusive use steel for 
bridges endorsed high authority Mr. Burr, although Mr. 
Thacher, another high authority, differs with both several 
important points. Mr. Lewis’ paper Soft Steelin Bridges,” before 
referred to, throws good deal light upon the subject. 
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hoped that the discussion this important matter will continued, 
although not, the effect opinion will only very short 
delay the abandonment wrought iron for bridges. favor 
using medium steel for all parts bridges, excepting for rivets, for 
which would use soft steel. Answering Messrs. Gates and 
Johnson, would state that failed specify the grade steel for 
two reasons; first, medium steel was understood, that what 
nearly all bridge builders are now using; and, second, paper was 
not intended (and, fact, was not permitted) specification. 

Intensities Working Stresses.—In respect this subject appears 
that are all sea; and are liable remain there until such 
time the much needed experiments actual intensities working 
stresses, that have been advocating for years, made, after which 
shall able determine upon system intensities that will 
logical. Meanwhile shall have jog along the best way that 
can, letting each engineer use his own judgment concerning the inten- 
sities employ, perhaps (which the best thing done under 
the circumstances) obtaining consensus opinion what system 
adopt for temporary expedient. The method adopted Mr. 
Schneider reducing all live load stresses their equivalent static 
stresses before applying constant intensity, undoubtedly the 
scientific way proportion bridges; but until have some real 
knowledge the effects dynamically applied loads, does not seem 
advisable develop system that all probability will have 
considerably modified the future. 

would not such immense undertaking make exhaus- 
tive series tests the effects live loads applied bridge members 
with varying velocities. Perhaps year’s time and expenditure 
say $50 000 would suffice. not, more time and money should not 
begrudged upon such important matter. The United States 
Government willing appropriate annually millions dollars for 
the United States Engineers experiment with upon hydraulic prob- 
lems, why cannot the bridge engineers and the railroads obtain from 
Congress small appropriation decide one the most vital questions 
bridge building? the United States Government refuse make 
such appropriation, cannot one America’s millionaires per- 
suaded donate the money contribution applied science? 

opinion the proper steps take after obtaining the money 
would follows: 

First.—To appoint committee seven members the American 
Society Civil Engineers, who are acknowledged bridge experts, 
act advisory board, and let them lay out the series tests (to 
modified later thought them advisable), appoint committee 
three well paid expert bridge engineers make the tests under their 
instructions, attend all payments money, make arrangements 
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with railroad companies for the use their lines and bridges making 
the tests, etc. 

The first practical step take would investigate all the 
machines thus far invented for measuring extensions and compressions 
bridge members, decide upon what kind apparatus 
adopt, designing.new ones necessary. These 
tested thoroughly determine their accuracy far static loads are 
concerned, and prove their reliability case dynamically applied 
loads. After the machines are shown satisfactory, experiments 
should begun systematically upon all parts bridges modern 
design, for trains varying velocity from zero the greatest attain- 
able speed. Sufficient tests all kinds should made give 
good average results. Both tension and compression members should 
experimented upon, and the machines prove very accurate, 
even such intricate problems the distribution stress plate 
girders might solved. This field experiment most inviting 
one, especially because the great utility the results there 
would difficulty obtaining expert committee make the 
tests. Mr. Woelfel’s remarks the subject measuring the actual 
intensities working stresses (pages 167 and 168) are most interesting, 
and are worthy careful perusal. 

Next the series tests just described, the most needed experi- 
ments are some steel, especially full-size compression members 
all kinds. systematic effort the part the members the 
American Society Civil Engineers ought secure this also. 
had the results such series tests, would able make 
diagrams giving working intensities for all kinds compression mem- 
bers, and thus avoid all difficulty due numerous and varied formulas. 
Now account these reasons not consider either advisa- 
ble any way beneficial discuss theoretically the proper inten- 
sities working stresses column formulas, shall take further 
notice several elaborate mathematical dissertations that are 
found the discussions. 

Mr. Thos. Johnson (page 114) objects for reasons the 
use stiff bottom chords near the ends spans. Such struts most 
single track bridges are necessity, hence due regard for the 
eternal fitness things” would cause their adoption, even 
change from eye-bar the built form offense the eye.” 
not good engineering sacrifice excellence mere appearance, and 
not think that any portion design which gives prima facie evi- 
dence its use can cause offense the eye engineer. 

Mr. Johnson (page 115) objects top chord formula, stating 


cent. says that the formula utterly without support 
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reason experience, and purely arbitrary assumption every 
respect the other assertions beg differ with the gentleman. For 


values not exceeding 50, customary with some engineers 


strain steel compression members certain fixed amount based upon 
the corresponding intensity used for tension members. Mr. Bouscaren, 
whose standing bridge engineer neither Mr. Johnson nor any one 
else will disposed question, strains short compression members 
000 pounds per square inch, where strains the corresponding 
tension members 000 pounds per square inch. intensities for 
compression and tension are the ratio 11000 pounds 000 
pounds, which different, true, from Mr. Bouscaren’s ratio, but 
not very different. for formula giving results per cent. too 


low for cases where 120, wonder why Mr. Johnson did not 


assume making his comparison! Who ever heard 


for the top chord railroad bridge? scarcely ever ex- 

ceeds the lightest structures, and even inclined end posts 
goes higher than 85. The fact that formula discourages the use 


large values point its favor. Moreover, until know 
r 


more about the resistance steel columns, probably good 
any other, and just likely correct. 

Answering Prof. Swain (page 120), would call his attention the 
fact that use the form the fatigue formula (page 99) merely 
compromise until something better and more reliable can established. 
agree with Prof. Swain that the sudden change intensity for flanges 
plate girder spans length feet not scientific; but 
adhered it, first because certain extent customary, and 
secondly because tends discourage the use short panels. Prof. 
Swain error when states follows (page 121): And 
surely the allowable stress for chords truss 500 feet long could 
greater than for chords truss 100 feet long account 
the difference impact, Mr. the same 
would allowed both (The italics are mine.) must have 
forgotten that the dead load per foot for 500-foot span much greater 
than that for 100-foot span, while the live load per foot the 
min. stress 
max. stress 
for the 500-foot span much greater than for the 100-foot span. 
Referring some office records, find the following 

For 100-foot span, dead load 200 pounds. 
live load 300 pounds. 


former less than that the latter. For these two reasons 
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Min. stress 200 0.226. 
Max. 
For 500-foot span, dead load 000 pounds. 
live load 500 pounds. 

The corresponding intensities for bottom chords are 356 pounds 

for the 100-foot span and 198 pounds for the 500-foot span. 
Respecting Mr. Bland’s remarks upon the New York Elevated struc- 
ture (pp. 248 and 249), not evident any bridge engineer who 
rides over some the older lines that they are wretchedly designed, 
especially This probably the reason that they begin 
show signs failure. One favorite axioms, viz., that two 
rivets not make appears violated constantly 

these structures. 

desire correct small error which, spite all care, crept 


into paper. page 103 the formula for lateral struts should 
read 


instead 


Combined the fixedness inclined end posts 
pedestals there appears difference opinion, and there 
reason both sides. Iam ready concede that with heavy end 
floor beam rigidly attached the inclined end posts, the conditions are 
much better than those for the assumed free but, the other 
hand, the end floor beams are not very thoroughly riveted the in- 
clined end posts, there play the pin hole, and the anchor bolts 
not hold down the expansion pedestal very firmly. Perhaps after all 
not differ effect essentially from Messrs. Burr and Swain, be- 
cause, while use long lever arm finding the bending moment, 
strain the metal the extreme fiber very high and they use short 
lever arm and probably strain the metal much lower. 

Answering Mr. Bouscaren (p. 183), straining metal 
inclined end posts high are follows: 

assumed lever arm really greater than necessary 
well designed bridge, although believe with Mr. Bouscaren that 
never twice too great. 2d. The great intensity the extreme fiber 
only, while the average over the whole section does not greatly exceed 
that allowed for live and dead loads. 3d. The member under such 
intensity essentially beam rather than strut, consequently can 
strained higher. 4th. The wind loads assumed are greatly excess 
those that are ever likely come upon the structure. 5th. The 
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combination greatest live load and greatest wind pressure highly 
improbable. 6th. the extreme fiber stress should ever reach 
the limit, harm would done, although would not advisable 
make practice straining metal such extent. 

Time and space will not permit give Mr. Skinner the proof 
how the addition square inches the section bridge member 
can the working strains enormously per cent.,” but 
will investigate mathematically for himself the two cases follow- 
ing, think will become convinced its possibility. 

Ist. Take eye-bar inches, with pin holes axis, and strain 
pounds. 2d. Add one edge said eye-bar, metal 
inches, thus forming 12-inch bar, and apply the same stress 
000 pounds, but not change the position the eyes. 3d. Com- 
pare the extreme fiber stresses the two cases. Mr. Fulton’s remarks 
concerning wind stresses (p. 203) indicate that not accord with 
modern American practice, for surely proper strain metal 
higher for combined live, dead and wind than for combined 
live and dead load. 

Plate Girder Proportioning.—Answering Prof. Swain (p. 123), 
practice use least four vertical rows rivets, spaced three 
inches, with two three-eighths 12-inch splice plates each web 
splice, and addition for each flange two long narrow plates, one 
each side the vertical legs the flange angles, compensate for the 
divided web the place where compensation most needed for 
bending. 

Mr. Snow (page 160) desires reason for the following statement: 
course the web counted in, the intensities working stresses 
the flanges will have decreased ought evi- 
dent that design plate girder for flange stress 000 pounds 
per square inch, ignoring the aid the web and 
consider properly designed, would not correct redesign 
the girder formula that provides for relying upon the assistance 
the web bending, without making the working intensity less than 
10000 pounds. Otherwise would find smaller flange area than was 
found for the first design. This point that has often been taken 
advantage competition. 

The preceding explanation will answer also Mr. Hutton’s first 
remark (page 161). answer his second, would state that relying 
upon the web resist bending, does not militate against its resisting 
the shear. answer his fourth remark (page 162), would urge 
that have not been ‘‘a partisan the flange-only-for-bending theory 
its most extreme applications” (even far back ten years ago), 
work Designing Ordinary Iron Highway Bridges” 
will testify; but have conceded late years general custom, know- 
ing that the results the two methods not differ essentially, when 
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the formulas are properly adjusted. Mr. Hutton evidently has 
mind decision mine respecting existing structure supposed 
have been designed strict accordance with certain standard speci- 
fications that ignore the resistance the web for bending. course 
Ihad governed said specifications making report. 

reference Mr. Douglas’ remarks (page 206) concerning the 
moment inertia formula for plate girders, willingly concede its 
greater exactness; but for all ordinary cases the approximate method 
will give sufficiently accurate results, with the saving considerable 
time computing. Such girder Mr. Douglas instances abnor- 
mal, although circumstances may occasionally call for its use. Eco- 
nomic considerations require that the weight the flanges should 
about equal that the web and its details, and girder designed 
according this rule will always give depth sufficient for stiffness. 
For long spans other considerations than economy control the depth. 
might well specify that whenever the area the flanges 
exceeds that the web more than per cent. the exact formula 
used, and other cases the approximate one. 

glad that Mr. Osborn has called attention (page 212) Mr. 
Thacher’s neat and expeditious method computing lengths for cover 
plates means the slide rule; for firm believer the use 
that instrument well all other labor saving devices. 

General Details Construction.—Mr. Gayler (page 124) right 
placing the minimum thickness metal railway bridges three- 
with the wishes those who pay for the structures, which prevents 
engineers from adopting this limit. 

regard the reaming steel, quite ready convinced 
must acknowledge, mostly second-hand. evident that reaming 
good precaution; but the question is, ‘‘Is worth the cost?” 
decided that medium steel should reamed, think that wrought 
iron also should required receive the same treatment. Mr. 
Lewis’ paper Steel Bridges” sheds much light this 
subject; but think that further discussion thereon those who 
are most competent give opinion would great value. 

extended series experiments needed determine the proper 
lengths for stay plates. well all the bridge engineers with 
whom have discussed the subject, believe that Mr. Bouscaren’s re- 
quirements (page 185) are excessive, especially large bridges; but 
upon the subject latticing agree with the remarks made that 
gentleman. 

Conclusion.—In bringing this résumé close, desire enum- 
erate the results which, hope, will accomplished this paper 
and the discussions thereon. 
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First.—The abandonment the engine diagram concentrated 
load method computing stresses, except for unusual cases such 
multiple systems cancellation; and the adoption the method 
equivalent uniform loads. 

Second.—The adoption certain standard engine and train loads. 

Third.—An exhaustive set experiments ascertain the dynamic 
effects live loads applied various speeds bridge members all 
kinds, 

Fourth.—An elaborate series tests full-size members steel 
bridges, especially compression members all kinds. 

Fifth.—Ultimately, the adoption the profession standard 
specifications for bridge designing, which shall specify clearly and 
concisely every particular such important matters loads, intensi- 
ties working stresses, quality materials, workmanship, etc., but 
the same time shall not infringe upon the individuality the designer. 

the attainment these ends, intention devote all the 
time which can spare from practice; and herewith invite the 
co-operation all American bridge and railroad engineers, fully 
recognizing the fact that one engineer unaided can accomplish prac- 
tically nothing, but, with the hearty assistance his professional 
brethren, there nothing reason that cannot effected. Finally 
would that further discussions this paper with its discussions 
and the are order, and that they can published later 
issues the Transactions the American Society Civil Engineers. 


4 
} 
q 
} 
4 
3 
‘ 
i 
3 
° > gers 
2 
| 
| 
| 


Page 175, line 32, read shear instead stress. Page 176, line read 
wheel base instead wheel Page 178, line 38, read broken 
instead broken tracks. Page 180, line 16, read Russia instead 
Prussia. Page 181, lines and 32, read instead Contomin. 
Page 182, line 30, read full size instead full size paris. 

page 101 Proceedings, 7th line from bottom, read April 
instead April 6th. 


